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The artificial culture of ovaries and 
ovules is likely to prove useful in under- 
standing the interrelationships of the 
embryo, endosperm and surrounding 
tissues ( Maheshwari, 1958; Murgai, 1959; 
Poddubnaja-Arnoldi, 1959 ). In this study 
ovules of Zephyranthes were cultured 
two days after pollination on Nitsch’s 
( 1951 ) basal medium, using sucrose as the 
sole carbon source. At the time of in- 
oculation (Fig. 2) the ovules contained 
the zygote and the primary endosperm 
nucleus. Growth supplements like vita- 
mins, indoleacetic acid, indolebutyric acid, 
2,4-dichlorophenoxyacetic acid, kinetin 
and gibberellic acid were added to the 
basal medium but they failed to induce the 
growth of the embryo beyond a late 
globular stage ( Sachar & Kapoor, 1958 ). 

For augmenting the growth of tissues, 
complex substances, especially coconut 
milk (Cutter & Wilson, 1953), casein 
hydrolysate ( Paris et al., 1953), amino 
acids and amides ( Rijven, 1956) have 
been recommended. The present report 
summarizes the results of some experi- 
ments on the culture of ovules on the basal 
medium supplemented with Bacto casa- 
mino acids (Difco) and coconut milk. 
For each experiment 50 cultures were 
maintained and two replicates were made 
for each concentration. 

In nature 16 days elapse between polli- 
nation and the maturation of the seeds. 
In seitz-filtered coconut milk (25 per 
cent ) the ovules showed a globular embryo 
and cellular endosperm in four days after 
inoculation and a mature embryo de- 
veloped in 12 days. This time interval 
closely corresponds with the development 
in vivo. In the same set, within 20 days 
the seeds germinated in situ. The seed- 
lings were entirely normal except for a 
slight inhibition of root formation in 
younger stages, 
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In casamino acids ( 200, 400, 600, 800, 
1000 ppm ) the growth of the ovules was 
slower than that in coconut milk media. 
The average seed length at maturity was 
also less (3:5 mm in casamino acids; 
4-5 mm in coconut milk; 65 mm in 
the field controls). In casamino acids 
medium ( 200 ppm ) the seeds germinated 
in 24 days ( Fig. 1 ) and the seedlings were 
normal, but the occurrence of twin roots 
was a common feature. In media with 
higher concentrations of casamino acids 
the growth rate tended to be progressively 
retarded and germination was delayed. 

Histological examination of the cultured 
ovules at regular intervals revealed normal 
development and maturation of the seed 
without skipping over any stage in either 
of the media (Fig. 5). In addition a 
number of abnormalities were observed, 
the most frequent being the absence of 
endosperm. Nevertheless the develop- 
ment of the embryo was sometimes quite 
normal although on other occasions aber- 
rant embryos were produced. The latter 
showed a hypertrophied suspensor with 
multinucleate cells and a lobed embryonal 
mass caused by localized meristematic 
activity of the peripheral cells. In 
coconut milk, the embryos frequently 
exhibited a strong tendency toward 
cleavage, whether the endosperm was 
present or absent. This resulted in a deep 
lobing of the embryo followed by its 
separation into two masses ( Fig. 3). At 
times two embryos at different stages of 
development were seen in the same endo- 
sperm ( Fig. 4). In casamino acids media 
too, especially at higher concentrations 
(800, 1000 ppm), embryos frequently 
appeared to undergo cleavage. 

As compared to the embryo, the endo- 
sperm appeared to be more liable to 
deviate from the natural course in both 
types of media, In casamino acids 
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(200 ppm) the development was quite 
normal but higher concentrations showed 
a series of progressively increasing aber- 
rations resulting from supernumerary 
divisions and nuclear fusions. At the 
cellular stage the endosperm became quite 
massive due to the cambium-like activity 
of the peripheral cells, although in coconut 
milk this meristematic activity was less 
pronounced. Instead, the cells of the 
endosperm increased in size accompanied 
by the formation of peculiar thickenings 
on the wall, giving them a tracheid-like 
appearance. In nature the endosperm 
remains thin-walled throughout and a few 
layers persist in the mature seed but in 
cultured ovules it was almost entirely con- 
sumed. 

To further analyse the growth require- 
ments of the ovules and to determine the 
specific active constituent of the casamino 
acids the following amino acids ( Schwarz 
laboratories ) were incorporated in the 
culture medium individually’: glycine 
(2-2 mg/l), L-aspartic acid (0-98 mg/l), 
L-glutamic acid ( 10-2 mg/l), L-arginine 
(7-6 mg/l), L-histidine (46 mg/l), 
L-leucine (19-8 mg/l), L-valine ( 14-4 
mg/l), L-isoleucine ( 9-2 mg/l), L-phenyl- 
alanine ( 8-0 mg/l), L-methionine ( 44 
mg/l), L-tyrosine (3-8 mg/l), L-lysine 
(13-4 mg/l) and threonine (7-8 mg/l). 


1. The analysis chart was very kindly supplied 
by the difco laboratories. 
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Since the above-mentioned studies had 
clearly established the optimum stimula- 
tory effect of 200 ppm of casamino acids, 
the single amino acids were supplied in con- 
centrations equivalent to their amounts 
present in 200 mg of casamino acids. Be- 
sides these, tryptophane (5, 10 mg/l) 
was employed alone and in conjunction 
with the above amino acids. Normal 
growth of the embryo and endosperm 
culminating in the formation of seedlings 
was used as a criterion of their activity. 
Of the 13 amino acids tested, histidine, 
arginine ( both alone and in combination 
with tryptophane ) and leucine proved to 
be the most suitable followed by valine, 
aspartic acid and glycine in order of 
effectiveness. The last named was only 
slightly active, the rest being totally 
inactive. 


Summary 


Complete growth of the seeds of 
Zephyranthes, starting from the zygote 
and primary endosperm nucleus, has been 
realized im vitro, in media containing 
coconut milk and casamino acids. The 
active constituents of the latter, capable 
of eliciting a positive response, are 
histidine, arginine and leucine. 

I am grateful to Professor P. Maheshwari 
and Dr B. M. Johri for valuable eugene 
and comments. 
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Introduction 


Robbins (1922), for the first time, 
successfully cultured the stem tips of pea, 
corn and cotton on Pfeffer’s solution. By 
adding glucose or levulose (2 per cent ) 
to the above medium, the cultures pro- 
duced roots and behaved like normal 
seedlings when kept in darkness. White 
(1933), employing the hanging drop 
technique, grew isolated stem tips of 
Stellaria media on modified Upenski’s 
solution supplemented with dextrose (2 
per cent) and yeast extract (0:01 per 
cent). The apices not only developed 
leaves but also floral organs. Loo ( 1945, 
1946a) obtained unlimited vegetative 
growth of excised shoot apices of Aspara- 
gus officinalis by continuous sub-culturing. 
Later ( 1946b ) he cultured the stem tips 
from the seedlings of Cuscuta campes- 
tris on Hoagland’s solution + 2 per cent 
sucrose and observed flowering in a few 
cultures. More recently Bertossi ( 1956 ) 
cultured the shoot apex of Cuscuta 
epithymum but obtained only limited 
vegetative growth. However, if the stem 


tips were inoculated along with the 
haustoria dissected out from the host 
tissue, regular blossoming took place. 

The present work on Cuscuta reflexa 
was undertaken with a view to determine 
the factors responsible for the induction 
of flowering and haustoria formation 
under in vitro conditions. 


Materials and Methods 


In Delhi Cuscuta reflexa flowers and 
fruits during October-January. There- 
after it survives in a vegetative phase in 
relatively cool and shady localities. Shoot 
apices were cultured in the month of 
March. They were sterilized with a 5 per 
cent solution of calcium hypochlorite for 
five minutes and inoculated in a medium 
consisting of Nitsch’s (1951) or White’s 
( 1954) minerals and vitamins along with 
3-indole acetic acid (1 ppm) and sucrose 
(5 per. cent.) 

The cultures were maintained under 
controlled temperature as well as under 
laboratory conditions as shown below: 


Temperature 


201-29 °C. 
(March 28°-32°C. 


1. Laboratory 


Light Conditions 


(i) diffused sunlight 30-50 FC 


(ii) complete darkness 


April 31°-36°C. 
May 34°-39°C. ) 


2. Incubator 


3. Culture room 


25° CH EI. 


25°+3°C. 


(i) diffused sunlight available 
only when the incubator 
was opened for observations 

(ii) complete darkness 

(i) diffused sunlight 15-20 FC 

(ii) complete darkness 


Note — Each set comprised a minimum of 50 cultures. 


SS 


Observations 


IN vivo — The shoot apices continued 
vegetative growth and parasitized when- 
ever they came in contact with the host 
(Tecoma grandis in the present case ). 
With the rise in day temperatures ( 28°- 
39°C ), the growth rate gradually declined 
and finally by the middle of May the 
parasite dried up. During this period 
(i.e. March-May ) no floral differentiation 
occurred in the parasite though the host 
was in flowers. 

In VITRO— Under laboratory conditions 
the shoot apices showed some initial 
vegetative growth, but this ceased with 
the rise in day temperature. In the in- 
cubator { 25°C) there was slight vege- 
tative growth followed by flowering in 
90 percent of the cultures. This be- 
haviour remained uniform whether the 
cultures were subjected to diffused light 
for a short period ( not exceeding an hour ) 
or allowed to remain in complete darkness. 
However, in the culture room flowers 
appeared only if the cultures were kept in 
darkness. 

Figure 1 shows the stem tip (a piece 
2 cm long was taken) seven days after 
inoculation. One or two buds become 
active and elongate into small secondary 
shoots and in the course of 7-12 days these 
shoots bear 4-7-flower buds (Fig. 2). There- 
after vegetative growth ceases completely. 
In many cultures the flower buds 
differentiated directly on the primary 
shoot ( Figs. 3, 4). In 4-5 weeks after in- 
oculation the buds turned orange-coloured 
accompanied by a maturation of the pollen 
grains. Anthesis was normal and the 
corolla abscissed within a week ( Figs. 3, 
4). This was followed by fruit setting 
(Fig. 5) but the size of the fruits was 
much smaller than that of natural fruits 
and they contained only shrivelled ovules. 

Though the anthers dehisced normally, 
the pollen grains remained clumped to- 
gether. This was probably due to the 
high humidity inside the test tube. An 
examination of the stigmatic surface 
showed the absence of pollen; evidently 
pollination did not occur. Only 10 per 
cent of the pollen grains germinated on a 
medium containing 0-2 M sucrose + 0-02 
per cent boric acid. 
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Siz, 


A few cultures, although kept in dark- 


ness, failed to flower but showed an 
elongated vegetative shoot. Sometimes 
a single secondary branch elongated 


rapidly and reached up to the plug of the 
culture tube (1x6 in) within a week. 
Further growth resulted in coiling near 
the plug itself (Fig. 6). The elongation 
and coiling continued for 6-8 weeks. 
Thereafter, the shoot started drying up 
from the base upwards and in 3-4 weeks 
the cultures dried up completely. The 
original yellowish-green colour of the 
shoot persisted throughout. 

Of the 200 cultures kept in light, all 
showed profuse vegetative growth and 
chlorophyll developed in the secondary 
branches. A noteworthy feature is that 
here the secondary branches showed a 
tendency to grow nearer to the surface of 
the culture medium ( Fig. 7). The maxi- 
mum length of the shoot obtained in the 
test tube was 1630 mm in about 10 weeks. 
The shoots kept in light were slightly 
thicker than those in darkness but they 
remained unbranched unlike that in 
nature. 

The secondary branches do not para- 
sitize when they coil around each other. 


However, haustorial connections were 
frequently established with the primary 
transplant. 


Different nutrient media were tried 
to induce haustorial outgrowths from 
excised stems. Haustoria were formed 
only in yeast extract (500 ppm) added 
to White’s mineral solution containing 
only 1 per cent sucrose. The base of the 
primary shoot became slightly swollen 
and the epidermal cells in contact with the 
medium elongated and penetrated into 
the medium. The cells were richly cyto- 
plasmic and elongated irregularly ( Fig. 8 ). 
In nature the haustoria are multicellular 
with well developed vascular tissue. 


Discussion 


So far most of the work on photo- 
periodism has been done mainly on 
autotrophic plants. The work on dodder, 
a leafless parasite, necessitates a further 
study of this problem. In nature the 
flowering period of Cuscuta does not 
coincide with that of the host plant. 
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Though the host ( Tecoma grandis ) flowers 
during March-June, the parasite remains 
in the vegetative phase and as such any 
possibility of transmission of a flower 
producing chemical is ruled out. On the 
other hand, shoot apices in vitro start 
flowering regularly if kept in continuous 
darkness or exposed to alternate periods 
of 14 hours of darkness and 10 hours of 
light. Thus Cuscuta behaves as a short 
day plant. Furthermore, this effect is 
perceived by the shoot apex in contrast to 
autotrophic plants in which the leaf is the 
organ which receives the photoinduction. 


Summary 


The shoot apices of Cuscuta reflexa 
continue vegetative growth in light and 
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to some extent even in darkness. The 
vegetative shoots develop chlorophyll in 
light under in vitro conditions. Besides 
autoparasitism such epidermal cells of the 
excised shoot apex which lie in contact 
with the medium elongate and penetrate 
into the medium. They are richly cyto- 
plasmic and probably haustorial in func- 
tion. Off season flowering has been 
induced leading to the development of 
parthenocarpic fruits in vitro. The in 
vitro technique of shoot apex culture offers 
a virgin field of research for studying 
photoperiodic responses. 

I am grateful to Professor P. Mahesh- 
wari and Dr R. C. Sachar for guidance. 
Thanks are also due to Dr B. M. Johri 
for his interest in the work. 
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Fics. 1-8 — (Medium: Nitsch’s minerals + vitamins-+sucrose 5 per cent +IAA 1 ppm). 
Fig. 2. 14-day old culture showing the secondary bran- 


Shoot apex 7 days after inoculation. x 2. 
ches bearing flower buds. x 2:5. 


Fig. 3. 48-day old culture showing anthesis. X 2:5. 


Eigen 


Fig. 4. An 


old culture (57-day old); note the abscissed corolla tube (marked by an arrow). X 2-5. Fig. 5. Pri- 


mary shoot bearing fruits after 57 days. X 2:5. 
and light respectively. 


Figs. 6, 7. 39 and 53-day old culture in darkness 
PACE A0 7 U Zr 


Fig. 8. T.s. stem tip grown on White’s min- 


erals + vitamins supplemented with 1 per cent sucrose and 500 ppm yeast extract; note the elon- 


gated haustoria-like cells. x 195. 


ABNORMAL POLLEN OF TULIPA 


GEORGE W. JOHNSTON 
Mississippi State University, State College, Miss., U.S.A. 


Angiosperm pollen may be shed as 
ndividual grains, compound grains, or as 
pollinia, the pollen from a given species 
usually falling wholly into one of these 
categories. In Z'ulipa the microspores of 
a tetrad commonly separate completely 
following cytokinesis, the mature pollen 
grains shedding from the anther as 
separate and distinct units, each con- 
taining a generative cell and tube cell. 
During the course of investigating male 
gamete formation in Tulipa, an occasional 
pollen grain was observed that deviated 
from the appearance characteristic of the 
genus. The present paper presents the 
findings of a study made to determine the 
scope and variety of such deviations. 


Materials and Methods 


Pollen collected from several varieties of 
field-grown tulips was grown on slides 
coated with sucrose-agar medium in the 
manner described by the writer in a 
previous paper (1941). At intervals 
ranging from a few hours to more than a 
day the material was killed and fixed by 
immersing the slides in Navashin’s solu- 
tion. After being washed in running tap 
water, the material was dehydrated in the 
usual manner and _ stained in either 
Heidenhain’s or Delafield’s haematoxylin. 
All photomicrographs were made with a 
thrity-five millimeter camera and enlarged 
for publication. 


Observations and Discussion 


The pollen begins to swell soon after 
being placed on the medium, abnormal 
grains being detectable prior to the begin- 
ning of pollen tube development. Three 
distinct types of abnormal grains were 
observed. For want of better termino- 
logy, the types are designated as double 


grains, triple grains, and quadruple grains. 
Such grains are the result of incomplete 
cytokinesis following either or both of the 
meiotic divisions of the pollen mother cell 
and are not to be confused with either 
compound grains or pollinia in which 
cytokinesis is complete but the grains 
adhere as unit masses during pollination 
and subsequent development. 

DOUBLE GRAINS — Double grains were 
observed more often than either of the 
other types. These grains exhibit a 
variety of forms, ranging from almost 
spherical to dumbbell-shaped, each form 
being determined by the degree and/or 
manner of furrowing during cytokinesis. 
Large double grains with only slight 
evidence of non-uniform furrowing and 
constriction were observed ( Fig. 1). Non- 
simultaneous furrowing without apparent 
constriction produces an almost spherical 
double grain with only partial division 
(Fig. 2), in which there is a common 
mass of cytoplasm containing two gene- 
rative cells and two tube nuclei. Simulta- 
neous but non-uniform furrowing produces 
double grains with a narrow isthmus 
of cytoplasm connecting the two units. 
Free cytoplasmic movement occurs be- 
tween the two units; and, if the isthmus 
is of sufficient diameter, larger structures 
may also pass. One double grain was 
observed in which the tube nucleus was 
passing from one unit to the other 
through the connecting isthmus ( Fig. 3 ). 
Another grain exhibited an isthmus 
too narrow to permit the passage of 
anything more than streaming cytoplasm 
( Fig. 4). 

Simultaneous and uniform furrowing, 
with only slightly noticeable constriction, 
produces a double grain with separate 
units, each unit containing a normal pollen 
grain complement (Fig. 5). Magnus 
(1913) observed a similar double grain in 
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Podostemon subulatus in which there were 
pores or pits in the partitioning wall 
between the two units. The presence or 
absence of pores could not be determined 
in double grains of Tulipa; however, the 
occurrence of cytoplasmic isthmuses of 
varying sizes suggests the possibility of 
minute pores in such grains. 

Double grains were observed in which 
the two units were of unequal size. One 
grain was noted (Fig. 6) in which one 
generative cell and both tube nuclei were 
in the smaller unit, the extra tube nucleus 
having passed through a cytoplasmic area 
left by incomplete cytokinesis. Figures 
17 and 18 show different level views of a 
double grain in which both generative cells 
and both tube nuclei were aggregated 
in the larger unit while two pollen tubes 
were forming from the smaller unit. 
Another such grain was observed in which 
the smaller unit, devoid of nuclei, was 
almost severed from the larger unit 
(Fig. 19). 

Many types of dumbbell-shaped grains 
were observed, each type being determined 
by the degree of constriction. When 
more than one pollen tube was initiated, 
grains that were only slightly constricted 
gave the appearance of a crude letter I or 
letter T ( Fig.7). Cytoplasmic streaming, 
commonly observed in germinating pollen, 
is accentuated in dumbbell-shaped grains, 
the degree of stress appearing greater in 
the constricted area than in the begin- 
ning pollen tubes (Fig. 8). Finn (1928) 
observed in Vinca herbacea a grain having 
an external morphology similar to that 
shown in Fig. 8 in which division of 
the generative cells had produced four 
gametes. Such a condition would be 
considered unusual in Tulipa where the 
writer (1941) has observed that division 
of the generative cell commonly occurs in 
the pollen tube. 

In most angiosperms the tube nucleus 
commonly precedes the generative cell 
into the pollen tube. From such be- 
haviour early workers assumed that the 
tube nucleus initiates and directs pollen 
tube growth. Polysiphonous grains, 
branched tubes, early degeneration of the 
tube nucleus, and generative cells pre- 
ceding tube ‘nuclei have, according to 
Maheshwari (1950), led recent investi- 
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gators to attach little importance to the 
role of the tube nucleus in pollen tube 
development. The present work indicates 
that, because of its smaller size and, 
consequentiy, decreased resistance to flow, 
the tube nucleus moves passively with the 
streaming cytoplasm, usually entering the 
pollen tube ahead of the generative 
cell. Furthermore, movement of the tube 
nucleus is into the first available opening 
in which cytoplasmic streaming occurs. 
Thus in double grains the tube nucleus 
often moves through the connecting 
cytoplasmic neck before pollen tube 
formation is initiated (Fig. 9). Even 
when cytokinesis is almost complete, the 
tube nucleus squeezes through the con- 
nection and passes from one unit to the 
other (Fig. 11). Double grains were 
observed in which the tube nucleus was 
passing from one unit to the other even 
though pollen tubes were being formed 
in the unit from which the tube nucleus 
moved (Fig. 12). Such action provides 
further evidence to show that the tube 
nucleus plays no significant part in pollen 
tube initiation and growth. 

An occasional double grain was observed 
in which the generative cell, rather than 
the tube nucleus, had moved through the 
connection between units (Fig. 10). In 
such cases, proximity to the opening 
evidently is a factor in movement, a 
generative cell lying near to or partly in an 
opening, moving through the connection 
ahead of a tube nucleus that is farther 
removed. A similar condition probably 
exists in those cases reported in which the 
generative cell precedes the tube nucleus 
through the pollen tube ( Maheshwari, 
1950; Johnston, 1959). 

TRIPLE GRAINS — Triple grains, varying 
in degree and manner of constriction, were 
observed. Constriction where the cyto- 
plasmic connections converge at the same 
point produces an asymmetrical figure 
with three units of different size ( Fig. 13 ). 
The larger of the three units contains two 
generative cells and two tube nuclei, 
comparable to the double grains of Figs. 1 
and 2. Triple grains with non-convergent 
cytoplasmic connections were also ob- 
served. In one case several cytoplasmic 
strands, each large enough to allow free 
movement from unit to unit, were visible 
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( Fig. 14) ; in another, only one thin strand 
could be detected ( Fig. 15). Since, in the 
latter case, no interchange of nuclei or cells 
could occur, each unit of this type grain 
would probably behave in germination 
like a normal pollen grain. Triple grains 
like those pictured apparently arose 
because of incomplete cytokinesis following 
the first meiotic division of the pollen 
mother cell and complete failure of cyto- 
kinesis in one of the units following the 
second division. 

A quadruple grain was observed in 
which the four units were connected in 
such a manner as to form a crude rectangle 
with one open side (Fig. 16). In this 
case cytokinesis was incomplete following 
the first meiotic division and only slight 
following the second division, resulting in, 
essentially, two double grains with a single 
connection between them. 

That pollen tubes develop normally 
from abnormal grains is more than mere 
supposition. A germinating double grain 
was observed in which one generative cell 
was well out in the pollen tube ( Fig. 20), 
while the second generative cell was just 
passing into the tube (Fig. 21). Both 
generative cells appeared perfectly normal, 
the nuclei being in prophase of division 
leading to gamete formation. 

The occurrence of more than two sperms 
in a pollen tube finds partial explanation 
in the present investigation. Assuming 
normal division of the generative cells, 
double grains, with cytoplasmic con- 
nections large enough to permit the 
passage of cells, have the potential for 
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four sperms, triple grains for six sperms, 
and quadruple grains for eight sperms.’ 
Weber (1929) observed four sperms in 
the pollen tubes of two species of Allium 
and, more recently, Eigsti (1941) ob- 
served four sperms in a tube of Poly- 
gonatum canaliculatum. Additional divi- 
sions of the original sperms in a pollen 
tube from a normal grain could have 
produced the above-stated conditions, 
the writer ( 1959) having observed, in a 
pollen tube of Tulipa, both sperm nuclei 
in metaphase of mitosis. However, the 
preponderance of double, triple, and 
quadruple grains observed in Tulipa, 
when compared to the rare appearance of 
dividing sperm nuclei, suggests that, in 
this genus, accessory gametes occur as a 
result of abnormal pollen grains far more 
often than as a result of the division of the 
sperms in the pollen tube. 

Whether abnormal pollen formation is 
caused by hereditary or environmental 
factors could not be definitely determined, 
the Tulipa varieties being so mixed in the 
bed that some pollen contamination was 
practically unavoidable. However, the 
fact that (1) environmental conditions 
were essentially the same for all varieties, 
(2) abnormal grains appeared with a fair 
degree of regularity in certain pollen 
samples and never appeared in others, 
and (3) Smith ( 1942 ) reported, in barley, 
a similar upset in cytokinesis associated 
with genetically influenced syncytium 
formation suggests the presence of a 
recessive factor that interferes with normal 
cytokinesis. 


Fics. 1-12 — Abnormal pollen of Tulipa. 
constriction. Note beginning of pollen tube. 


Fig. 3. Double grain with cytoplasmic isthmus connecting units. 
Fig. 4. Double grain with very thin connection between units. 


through isthmus. 


grain showing complete cytokinesis - without separation of units. 
different size, the smaller containing three nuclei. 
Note three pollen tubes being formed. 
with evidence of cytoplasmic streaming through constricted area. 
grain with both tube nuclei in same unit and generative cell moving into isthmus. 


only slight constriction. 


Fig. 1. Double grain with only slight furrowing and 
Fig. 2. Double grain with only partial cytokinesis. 


Note tube nucleus passing 
Fig. 5. Double 
Fig. 6. Double grain with units of 
7. Dumbbell-shaped double grain with 
Fig. 8. Dumbbell-shaped grain 
Fig. 9: Dumbbell-shaped 
Fig. 10. 


Fig. 


Dumbbell-shaped grain in which generative cell, rather than tube nucleus, has moved through 


constriction. Fig. 11. 
tion; both tube nuclei in same unit. 


through constriction, away from unit that is forming two pollen tubes. 


Dumbbell-shaped grain with almost complete cytokinesis and constric- 
Fig. 12. Dumbbell-shaped grain showing tube nucleus moving 


All x 75, 


Fics. 13-21 — Abnormal pollen of Tulipa. 
nections converging at one point. 
connections. 
grain with all four units connected. 
from smaller unit. 
in larger unit. 
larger unit. 


Big: 17. 


Fig. 13. Triple grain showing cytoplasmic con- 
Fig. 14. Triple grain showing non-convergent cytoplasmic 
Fig. 15. Triple grain with only one thin cytoplasmic connection. 


Fig. 16. Quadruple 


Double grain showing two pollen tubes forming 
Fig. 18. Different view of grain shown in Fig. 17; note both generative cells 
Fig. 19. Double grain with smaller unit, devoid of cytoplasm, almost severed from 
Fig. 20. Germinated double grain with one generative cell out in pollen tube. 


Fig. 


21. Different view of grain in Fig. 20, showing second generative cell (note dark nucleus) just 


entering pollen tube. All x 375. 


Summary 


Irregular cytokinesis during microsporo- 
genesis produces double, triple, and 
quadruple pollen grains. Double grains, 
formed by incomplete cytokinesis following 
the second meiotic division, were observed 
more frequently than either of the two 
other types. Cytoplasmic connections 
between the units of abnormal grains 
allow them to behave as single grains 


during development. Double grains 
possess the potential for four sperms, 
triple grains for six sperms, and quadruple 
grains for eight sperms, the occurrence of 
supernumerary male gametes in pollen 
tubes sometimes being attributable to the 
germination of such grains. The cause for 
abnormal pollen formation could not be 
definitely established; however, the pre- 
sence of a recessive factor for incomplete 
cytokinesis is suggested. 
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Introduction 


Most of the research in floral morpho- 
logy of the Proteaceae has dealt with 
taxonomic features. Some taxonomists 
regard the family as primitive, others 
believe it represents a highly specialized 
and reduced group. Literature on the 
Proteaceae reveals no unanimity on the 
identity of the morphological structures, 
or on phylogenetic relationships. Engler 
(1894), Hallier (1905), and Rendle 
(1925) considered the flowers apetalous 
and placed them between the Urticales 
and the Santalales. Based upon ad- 
vanced structures, Bessey (1915) placed 
the family in the Sapindales; Balfour in 
the Rosales; Hutchinson ( 1926), Brough 
(1933), and Kausik (1938) allied them 
with the Thymelaeaceae, while Metcalfe & 
Chalk (1950), studying wood anatomy, 
considered them nearer the Elaeagna- 
ceae. “ It is an anomalous group, appa- 
rently without close affinities among 


living Angiosperms ”” ( Johnson, 1931), 
Lawrence (1951) believes “the order is 
not basically primitive but cannot yet be 
allied closely with any other existing 
order.” It is a family which presents 
some uniformity in over-all morphology, 
but great diversity in the type of in- 
florescences, in the form of the glands, 
discs, and scales. Noteworthy is the 
presence of either single or paired flowers 
in the axils of the bracts and the occur- 
rence of both zygomorphic and actino- 
morphic flowers. 

Before the affinities of the family to 
other taxa can be definitely determined 
more detailed study of their morphology 
and anatomy must be undertaken. The 
vascularization of the floral organs should 
provide significant and dependable evi- 
dence for the interpretations of variations 
in the gross morphology of the flowers and 
also aid in suggesting more natural rela- 
tionships of the family and possible 
ancestral conditions. The writer presents 
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anatomical evidence that the Proteaceae 
may constitute a primitive family and has 
been derived from a dichlamydeous stock 
and therefore should not be placed among 
the Apetalae. 

The literature on the anatomy of the 
inflorescences and the flower is very 
limited. Previous to 1957 only two 
genera received anatomical attention, but 
their morphological status was at variance. 
The floral anatomy of Macadamia terni- 
folia was investigated by Francis ( 1928 ) 
and by Kausik ( 1938, 1940 ), the vascular 
anatomy of the fruit by Hartung & Story 
(1939). The organogeny of Grevillea 
robusta ( Brough, 1933), the ontogenetic 
development of G. preisiz ( Müller, 1929 ), 
and the pedicel of G. thelemanniana 
(Baum, 1952) have been worked out. 
The vascular anatomy of four other species 
of Grevillea (Saunders, 1933) was ex- 
amined to explain the cause of petaloid 
coloring in ‘ apetalous ’ flowers. Recently 
Rao ( 1957) in a cytotaxonomic study of 
many genera concluded “ the proteaceous 
flower is simple in structure and does not 
show any vestigial organs or vestigial 
vascular traces for suppressed floral 
parts.” His results suggested a possible 
evolution of the tribes of the family. 

The aim of the present investigation is 
the elucidation through floral anatomy of 
the true status of the inflorescence and 
perianth; the significance of the glands, 
scales, and discs; and the interpretation 
of zygomorphy in the species of the 
Proteaceae at my command. The present 
investigation is based on species from 
Australia. Subsequent studies will deal 
with the Central and South American and 
African species. : No attempt is made 
at this time to express any phylogenetic 
relationships. 


Materials and Methods 


The flowers and some _ inflorescences 
from living plants, collected in Australia 
by Dr Arthur J. Eames in 1953, were 
killed in 70 per cent alcohol. Serial 
sections were made in transverse and 
longitudinal planes of both young and 
mature flowers. At least three, often 
more, series of each species were cut. 
The specimens were imbedded in tissue- 


mat, employing the N-butyl tertiary 
alcohol method. The usual method of 
staining with crystal violet and erythrosin 
was used. Herbarium specimens were 
soaked in distilled water overnight, boiled 
for two or three minutes in a two per cent 
solution of potassium hydroxide, washed 
overnight in running water and then 
dehydrated. 

Thirty-one species belonging to eighteen 
genera were examined. The list follows: 
Symphyonema montanum R. Br.; Persoonia 
salicina Pers.; P. pinifola R. Br; FP. 
chamaepitys A. Cunn.; P. linearis Andr.; 
Franklandia triaristata Benth.; Isopogon 
petiolaris A. Cunn.; Petrophila heterophylla 
Lindl.; Adenanthos barbigera Lindl.; A. 
obovata Labill.; Stirlingia latifolia ( R. Br.) 
Steud.; Synaphea favosa KR. Br.; S. 
reticulata (Sm.) Gardener.; Conospermum 
tenuifolium R. Br.; C. angustifolium R. 
Br.;C. caeruleum R. Br.; C. taxifolium Sm. ; 
C. ericifolium Sm.; C. longifoliwm Sm.; 
C. flexuosum KR. Br.; Grevillea banksii 
R. Br.; Hakea cyclocarpa Lindl.; Helicia 
glabrifolia F. Muell.; Xylomelum pyriforme 
Sm.; Lambertia formosa Sm.; L. multiflora 
Lindl.; Macadamia ternifolia F. Muell.; 
Hicksbeachia  pinnatifolia F. Muell.; 
Telopea speciosissima R. Br.; Banksia 
ericaefolia L.; B. integrifolia L. 


Abbreviations 


A, awn; AN, anther; BE, bracteole; 
BR, bract; C, carpellary trace; CR, corolla; 
CX, calyx; D, dithecous stamen; DC, 
dorsal carpellary trace or bundle; E. 
style; F, filament; G, gland; GY, stipe; 
H, hairs; I, inflorescence axis; L, lower lip; 
LS, lateral sepal trace; LST, lateral stamen 
trace; M, membrane; MO, monothecous 
stamen; MS, median sepal trace; N, 
connective; O, ovule; P, pedicel; PD, 
peduncle; S, slit for style; SA, scale; 
SC, sepal carpellary trace; SCL, stone 
cells; SR, secretory cavities; ST, stamen 
bundle; TR, transmitting tissue; U, upper 
lip; VC, ventral carpellary trace; VV, ves- 
tigial bundles; X, secondary axis. 


Floral Anatomy 


The Proteaceae are divided into two 
sub-families: the Persoonioideae and the 


Figs. 1-10 —Symphyonema montanum R. Br. 
Slightly oblique sections showing the origin of the vascular system of the flower from the inflo- 


rescence axis. % 15. 
Fig. 4. 
receptacular stele almost completed. 


stamen bundles. 


Fig. 6. 


C.s. showing the behaviour of the stamens. x 15. 
Fig. 10. Anthers adnate to the style. 


Fig. 9. Filaments in a ring around the style. 


Grevilloideae.! The former, classified into 
four tribes, bear solitary flowers within a 
bract, one or two ovules, and dehiscent 
fruits (nuts or drupes ); the latter group, 
divided into three tribes, develop paired 
flowers in the axil of a single bract, ovules 
two to many, and dehiscent fruits 
( follicles ). 

It is proposed to present the general 
morphology and anatomy of the flowers 
of the Proteaceae by discussing in detail 
one or two species from each of the seven 
tribes. This will also serve as a basis for 
discussing variations in the species. 

I. PERSOONIEAE—Symphyonema monta- 
num R. Br. ( Figs. 1-10) — The vascular 
cylinder of the rachis of the loose, terminal, 
racemose inflorescence is a siphonostele 
with sclerenchyma fibers interspersed 
among radial rows of xylem (Fig. 2). 
Near the tip of the rachis, the stele gives 
rise directly to the receptacular steles of 
the sessile flowers which are usually 
decussately arranged. The first three 
traces departing from the stele supply 


1. Engler & Prantl’s “ Die natiirlichen Pflan- 
zenfamilien ’’ is the basis for the classification 
and also for the spelling of scientific names in 
this paper. 


Fig. 2. The inflorescence axis. 
The formation of the receptacular stele. 
The emergence of the sepals with their perianth- 
Fig. 7. The filaments adnate to the sepals, stipe of the ovary free. 


Fig. 1. Single sessile flower. x 6. Figs. 2-7. 


Fig. 3. The origin of traces for the bract. 
Fig. 5. The emergence of the bract and the 


Figs. 8-10. 


Fig. 8. Filaments approaching the ovary. 


the bract, leaving behind a unilacunar gap 
(Fig. 3). Gradually more traces leave 
from the edges of the gap until a recepta- 
cular cylinder of discrete bundles is formed 
Clics ms PP) Since internodes mpthe 
base of the sessile flower are almost 
obliterated, the bundles become arranged 
in a pattern related to the position of the 
various organs ( Fig. 6). The four outer- 
most bundles of the receptacle are destined 
in part for the four sepals ( Figs. 5, 6, 
MS). Each of these is basically a fused 
(compound) bundle, double in nature. 
Each splits tangentially in its outward 
course. The outer half serves as the 
median trace of the sepal ( Figs. 6,7, MS), 
the inner half is the stamen trace ( Figs. 6, 
7, ST). Lateral sepal bundles originate 
from the radial faces of each of the 
median sepal bundles ( Fig. 8, LS). The 
stamen trace diverges from its origin, 
penetrates the filament which is adnate 
to its corresponding sepal (Fig. 8, F). 
The stamen bundle continues into the 
connective which protrudes beyond the 
sporangial tips. The single, short stipitate 
ovary is supplied by the remaining two ' 
vascular bundles in the receptacle ( Fig. 6, 
C). One represents the dorsal carpellary 
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trace, the other divides to form two ventral 
traces. ( Figs. 7,.8. DC, VC). In astew 
flowers the ventrals disappear in the style. 
The two pendulous orthotropous ovules 
receive their vascular supply from the 
ventral traces near the tip of the loculus 
(Fig 28,470): 

In this species, unlike the perianth 
traces, the traces of the bract are similar 
to those of leaves. The sepal is supplied 
by a single trace with a unilacunar gap 
in the stele, but the single trace appa- 
rently represents three: the median and 
two lateral traces. 

In this genus there is no morphological 
evidence of the presence of glands, discs, 
or scales, and no vestigial vascular strands 
or elements to suggest such a possibility 
phylogenetically. Though the flower 
apparently is simple, there has been 
compression of the floral organs on 
the receptacle, with adnation of traces, 
which in turn resulted in fusion of two 
sets of traces. This indicates advance- 
ment. 

Persoonia salicina Pers.— The heavy, 
sclerenchymatous, inflorescence axis of 
this species gives rise to a three-trace 
trilacunar bract (Fig. 15). The open 
rachis cylinder splits off two vascular 
strands from its edges to form the stele of 
the pedicel ( Figs. 16-19). At a higher 
plane the stelar tissue of the pedicel is 
arranged in four more or less horseshoe- 
shaped bundles with a few vascular 
elements between them ( Figs. 19, 20). 

At the base of the receptacle the vascular 
tissue of each of these larger areas breaks 
up forming five distinct entities ( Fig. 21 ). 
The three bundles nearest the periphery 
are the traces of a sepal. The median 
bundle of the group becomes the dorsal or 
median bundle of a sepal ( Fig. 21, MS); 
the other two, the right and left lateral or 
marginal bundles ( Fig.21,LS). All three 
sepal traces emerge directly from the 
receptacular stele. The remaining two 
bundles become stamen traces (Fig. 22, 
ST). The vascular tissue lying between 
these larger bundles migrates towards the 
center, where, by further radial chorisis, 
a cylinder of small bundles is formed 
(Fig. 22, GY). At a level where the 
sepals are still connate, the glandular 
organs, composed of small-celled dense 
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parenchyma, are evident (Fig. 23, G). 
Just above where the sepals are dissociated 
from the receptacle, the glands become 
free (Fig. 24, G). | 

The vascular tissue remaining at the tip 
of the receptacle supplies the stipe and the 
carpel, forming a cylinder which increases 
in diameter (Figs. 22, 23, GY). At a 
higher level the ring of bundles is resolved 
at the base of the ovary into a dorsal 
carpellary, two ventrals, and six to eight 
laterals ( Fig. 24). The two ovules near 
the top of the loculus receive their res- 
pective traces from the two ventral 
bundles, the traces passing through the 
funiculi (Fig. 26, VC). The numerous 
traces in the wall of the ovary of the closed 
carpel fade out near the summit, but the 
dorsal and two ventrals persist for some 
distance through the hollow style, which 
contains some transmitting tissue ( Fig. 27, 
TR). The bifid stigma is covered with 
glandular hairs ( Fig. 30) and suggests a : 
modified conduplicate carpel, closed at the 
base, but open at the tip. The placenta- 
tion is submarginal. 

It is to be noted here that each broad 
filament generally is supplied by two 
traces independently derived from the 
floral stele. These traces remain free for 
some distance ( Figs. 21-23), then con- 
verge and unite (Fig. 24,-ST). The 
double bundle increases in size, forming 
first an arc of vascular elements ( Fig. 24, 
ST), then higher up a solid cylinder of 
well-developed xylem (Fig. 28, X). 
The connective does not protrude beyond 
the tip of the anthers. 

A trace number of two for the stamen 
may be very important phylogenetically. 
A sepal trace number of three is generally 
recognized as primitive. The four small 
glands or scales alternating with the sepals 
are in the position of petals ( Figs. 23, 24, 
G). They have no vascular supply. 

IT. FRANKLANDIEAE — Franklandia tri- 
aristata Benth — The unique flowers in 
this genus are actinomorphic, perigynous; 
each subtended by a small partially 
sheathing bract, borne at the base of a 
long pedicel ( Fig. 31). The salver-shaped 
flower has a cylindrical floral tube com- 
posed of a perianth and adnate stamens. 
The bases of the sepals for at least half 
their length are connate, forming the 
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Fics. 11-30 — Persoonia salicina Pers. Fig. 11. Young bud. Fig. 12. Mature flower. Fig. 
13. Sepals removed to show carpels and glands. Figs. 11-13. x 1. Fig. 14. Single sepal with 
stamen. x 3. Figs. 15-27. C.s. from inflorescence axis to tip of flower. x 10. Figs. 15-17. 
Inflorescence axis showing the origin of bract and pedicel. Fig. 18. Pedicel and bract separated 
from rachis. Figs. 19, 20. Behavior of vascular tissue in pedicel. Fig. 21. Origin of the sepal, 
stamen, and carpellary traces. Fig. 22. Differentiation of stipe. Fig. 23. Glands alternating 
with the sepals in the tip of the receptacle. Fig. 24. Glands free, stamen traces uniting. Fig. 
25. Base of ovary with carpellary traces. Fig. 26. Two ovules at the tip of the loculus, stamens 
attached to calyx. Fig. 27. Stamens free, only dorsal carpellary bundle. Fig. 28. Tip of anther 
with bundle in the connective, Fig. 29. Tip of sepal with much xylem. Fig. 30. Bifid stigma, 


Figs. 28-30. x 25. 


Fics. 31-57 — Franklandia triaristata Benth. Fig. 31. A flower. x 2. Fig. 32. The carpel 
with awns at the tip of the Ovary. x 2. Figs. 33-43. C.s. the inflorescence axis and receptacle. 
x 10. Figs. 33, 34. Inflorescence axis. Figs. 35-37. Inflorescence stele with origin of bract and 
pedicel. Fig. 38. Origin of lateral sepal and median sepal traces. Fig. 39. Origin of lateral sepal 
traces. Figs. 40, 41. Carpellary traces toward the center. Fig. 42. Receptacle at the base of the 
ovary, adnate corolla. Fig. 43. Ovules and lateral stamen traces. Figs. 44-47. Ovary to show 
the traces of the awns and the style. x 40. Figs. 48-54. C.s. above the base of the awns. x 20. 
Fig. 47. Awns separate from the ovary. Fig. 48. C.s. plumes of the awn and the corolla. Figs. 
49-51. Calyx and filaments separating from the corolla. Fig. 52. Gland or corolla about the style, 
median sepal and normal stamen traces distinct. Fig. 53. Glandular corolla lobes, lateral stamen 
traces in pairs. Fig. 54 Tips of corolla lobes. Fig. 55. Anthers adnate to sepals, vestigial or 


lateral stamen traces vanished. x 10. Fig. 56. Anthers free from the sepals, style enlarged. 
x 10. Fig. 57. Connective appendages. x 10, 
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outer layer of the floral tube. The distal 
half of the tube is composed of four free, 
spreading and reflexed lobes. Orange- 
colored secretory pustules are present on 
the dorsal surface of the sepals. The 
corolla is adnate to the calyx-stamen 
tissue (Fig. 58, CR). It extends from 
the base of the ovary to the rim of the 
floral tube. This inner parenchymatous 
ring increases in diameter opposite the 
sepal margins which cohere by means of 
interlocked cells (Fig. 49). Opposite 
the middle of the sepals, this layer is 
narrower. Near the mouth of the floral 
tube, the corolla separates gradually 
from the calyx beginning opposite the 
interlocked sepal margins ( Fig. 51, CR). 
By the time the sepals are free, the gamo- 
phyllous corolla is detached from the 
remainder of the calyx ( Figs. 52, G, CR). 
It is an independent, four-sided bulbous 
structure, enclosing the style and the 
plumes of the awns. It extends only a 
short distance. The tip of the corolla 
splits into four short lobes ( Figs. 53, 
54, G), which are linear in some flowers, 
shorter in others. This variation may be 
due to the stage of maturity of the flower. 
The free tips are glandular. The an- 
droecium consists of four stamens with 
flattened, elongated filaments adnate to 
the calyx (Figs. 54, 55). Anthers are 
linear, included, and adnate to the tube 
and the free sepals, except at the tips 
Gries, 56,58, ANS The connective 
protrudes as an apiculate appendage 
( Fig. 58,N). The single carpel is slightly 
stipitate, crowned with three well- 
developed plumose awns, about one-half 
inch in length ( Fig. 32, A). These awns 
and the style occupy the floral tube to its 
rim. The awns are proliferations of the 
top of the ovary wall. The ovule is 
solitary, pendulous, and orthotropous. 
The style is filiform, extending beyond the 
corolla. The stigma is glandular and 
dilated ( Fig. 32). 

The vascular tissue enters the pedicel 


| from a rachis, oval in cross-section and 


forms a dissected siphonostele ( Figs. 33, 
34), which closes to form an unbroken 
cylinder (Fig. 36). Three traces with 
| three gaps in the stele of the rachis 
| diverge in the cortex to enter the bract 
| at the base of the flower ( Figs. 34, 35, 


BR). By the radial divisions of the two 
laterals of the bract, the number of bundles 
ultimately is increased to seven ( Fig. 37 ). 

Simultaneously with the freeing of the 
bracteal lamina from the axis, the un- 
broken central cylinder increases in dia- 
meter and splits radially ( Figs. 36, 37). 
As the strands so formed ascend in the 
pedicel, they usually rearrange themselves 
into eight discrete bundles (Fig. 37). 
A whorl of four traces then departs as the 
median traces of the calyx segments 
(Fig. 38, MS). Structurally these are 
simple bundles. In a higher plane each 
of the four alternating bundles divides 
into three bundles ( Fig. 39, LS). The 
middle strand of each cluster passes 
outward to its ultimate position in the 
cortex, alternating there with the median 
sepal bundles (Figs. 40, 41, LS). By 
radial chorisis each of these bundles ( LS ) 
bifurcates to supply the lateral or marginal 
veins of adjacent sepals ( Figs. 42, 43, LS). 
Thus each perianth segment is supplied 
by three bundles from the receptacular 
stele. Their vascular behaviour is like 
that of normal leaf traces. Therefore each 
perianth segment should be considered a 
sepal. 

Each of the remaining two units of these 
three-bundled groups ( Figs. 40, 41, ST), 
represents fused bundles. Gradually these 
bundles migrate nearer the pith and split 
tangentially. Each gives rise to a small 
stamen trace outwardly and to a carpel 
trace inwardly (Figs. 40, 41, ST, C). 
Thus at this level originate eight stamen 
traces which are evident for quite a 
distance in the floral tube. The eight 
carpel traces move horizontally inward 
(HAE AC) AS- thewctamenenitaces: 
ascend, each comes to lie between a lateral 
bundle (LS) and a median sepal bundle 
(Fig. 43, LST). The eight stamen traces 
evident in this plane, continue into the 
broad filaments ( Figs. 50-52, F) to the 
base of the anthers, where they gradually 
vanish ( Fig. 55). These are the lateral 
stamen traces. The eight inward halves 
(C) of these same three-bundled groups 
form well-developed carpellary traces and 
penetrate the ovary (Figs. 40, 41, C), 
where the bundles form a cylinder. From 
these, a dorsal, two ventrals and some 
lateral bundles are formed, The solitary 
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ovule is vascularized from a ventral 
bundle near the tip of the loculus 


(ie 24300): 

For its entire length the floral tube is 
lined with parenchymatous tissue which 
is definitely delimited from the calyx 
(Fig. 42, CR). At the base of the tube 
the parenchyma is composed of large thin- 
walled, vacuolated, bluish stained cells 
(Fig. 43, CR). At a higher level these 
cells are delimited from the adjacent red- 
stained parenchyma of the calyx, by a 
layer of small cambiform cells. Toward 
the tip of the awns these cells are more 
closely packed, contain denser cytoplasm 
with large nuclei. At the level of the 
insertion of the filaments, this layer 
gradually separates from the calyx forming 
a four-ridged bulb, the glandular ring 
(Figs 5 LES 2ACR) bis "gland sdivides 
into four short lobes ( Figs. 53, 54, G). 
The central region of each lobe contains 
thick-walled parenchyma and a few 
secretory cells. No vascular tissue is 
evident in the entire organ. This entire 
inner layer of the floral tube can be 
construed as a gamophyllous corolla, 
adnate to the calyx for its greater length, 
since the position of the thick ridges and 
the free tips is that of petals, alternate 
with sepal lobes (Figs. 51-54). The 
bundle at the base of the receptacle 
(Fig. 38, LS), between the median sepal 
bundles, is a fusion bundle representing 
the two laterals for the sepals, two stamen, 
and two carpellary traces, all located in 
the sector where petal traces usually oc- 
cur. This is a perianth-stamen-carpellary 
bundle. 

About half-way up the perianth tube, 
the vascular ring at the tip of the ovary 
breaks up in a peculiar manner. One of 
the lateral bundles, on each side of the 
ventrals, splits radially ( Fig. 45). The 
resultant ring of ovary-wall bundles is 
composed of nine bundles which become 
grouped into three units, each comprising 
three bundles. These three-bundle groups 
extend into wing-like expansions which 
become conspicuous appendages extending 
for some distance within the floral tube 
(Fig. 46). The tips of these wings form 
distinct organs, “‘awns’’, which develop 
pappus-like filaments upon their surfaces 
( Figs. 32, 47, 48, A). Each appendage is 
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supplied by three bundles: one median 
and two laterals. The two laterals tra- 
verse the plumose awns ( Figs. 47, 48, À ). 
The median bundle of each wing-like 
expansion moves horizontally inward 
(Fig. 46, VC,-DC). It becomes) the 
dorsal carpellary trace in one awn, and 
the ventral carpellary trace in each of the 
other two awns. These three carpellary 
traces enter the style, continue upward 
but branch before reaching the stigma 
(Fig. 56).\ The center fof the Sstylega 
occupied by parenchymatous transmitting 
tissue ( Figs. 50-56, TR ). 

Each median sepal trace reveals its true 
nature at about the level of the bulbous 
corolla. It splits tangentially forming a 
median stamen trace inwardly and the 
median bundle of the sepal peripherally 
(Figs. 51, 52, ST): At thistevelinzthe 
flower, each broad filament adnate to the 
sepal has three bundles; the two laterals 
from the receptacle and the median just 
freed (Figs., 51,52, LST od) abo 
the gland level, some of the lateral stamen 
bundles may divide dichotomously 
(Fig. 53, LST): These dichotomous 
branches may reunite, and all may vanish 
as soon as the median-sepal-stamen bundle 
frees the functional stamen bundle 
(Fig: 55, ST). The medians stamen 
bundle continues through the filament and 
the connective which protrudes beyond 
the anther tips (Fig. 57, N). In some 
specimens dichotomy was not evident. 
Basically then, each filament has three 
traces: two laterals, free in the receptacle; 
and the median one, not freed till its 
adnate sepal becomes free. Much com- 
pression within the narrow tube explains 
the complete adnation of whorls. Note- 
worthy is the apparent presence of a 
corolla with glandular lobes at its tip 
( Fig. DETER). 

III. PROTEAE —- Adenanthos barbigera 
Lindl.— The conspicuous dissected siphono- 
stele of the pedicel gives rise in a decussate 
manner to three pairs of scale-like bracts, 
each with at least the normal three leaf 
traces accompanied by as many gaps 
(Figs. 65-71, BR). These form an in- 
volucre. The pair of bracts opposite each 
other receive their traces simulta- 
neously. Above the gaps a continuous 
vascular ring is quickly established and 
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Fic. 58 — Franklandia triaristata Benth. 
Perianth tube (ventral view) showing adnate 
corolla and glandular lobes at tip. x 5. 


increases in diameter at the summit of the 
pedicel (Fig. 67). The stelar ring of 
tissue breaks up into numerous bundles 
in the receptacle, often as many as 
eighteen or twenty, in close juxtaposition. 
The receptacle is very short; the inter- 
nodes between successive whorls are very 
much shortened. From the ring of 18-20 
bundles, traces are given off to various 
organs. Twelve strong bundles arranged 
in a ring serve the conjoined segments of 


the calyx (Figs. 69-73). Each sepal is 
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supplied with the three typical leaf traces 
directly from the central cylinder ( Figs. 
72-75). Generally, immediately before 
the last pair of bracts becomes free from 
the receptacle, the median sepal traces 
divide in a tangential plane, thus revealing 
their double nature ( Fig. 69, MS). The 
inner halves of these median traces 
vascularize the stamens ( Figs. 69-71, ST ). 

An inner branch from each lateral sepal 
trace supplies the scale-like gland nearest 
it. ( Figs. 70, 71,G). Hence each gland is 
vascularized at its base by two strong 
bundles, one from the right lateral of one 
sepal, and the other from the left lateral 
of the adjacent sepal. The vascular 
tissue for the gland then branches slightly, 
penetrating the glands. These organs are 
adnate to the inner surface of the calyx 
tube for a short distance ( Fig. 71, G), 
but soon become free as four distinct 
entities. Islets of phloem tissue continue 
into the middle of the small lobes. These 
form a ring parallel with the periphery 
of the gland ( Fig. 72,G). In this genus 
the glands occupy the position of the petals 
and their vascular supply emanates from 
the lateral sepal bundles ( Figs. 70-73 ). 

The remaining three bundles of the 
receptacular stele, usually situated be- 
tween the laterals, migrate toward the 
center. They are the dorsal carpellary 
trace and the two ventral carpellary traces 
ofsthe ovary (Hies 71 DC) VG). The 
sessile ovary develops. one laterally 
attached, amphitropous ovule, its trace 
branching from a ventral bundle ( Fig. 73, 
O). At this level the glands are distinct 
within the tube. The style is elongated, 
generally arched near the tip of the tube 
as well as outside it (Figs. 59, 60). 
It protrudes above the middle from the 
slit of the calyx tube ( Figs. 59, 74, S). 
Its highly pubescent tip possesses a 
stigmatic slit ( Fig. 75, GY ). 

IV. CONOSPERMEAE —Synaphea favosa 
R. Br. — The vascular tissue of the in- 
florescence axis is a dissected siphonostele 
(Fig. 79). A trace from this group 
supplies the median bundle of the sheath- 
ing bract ( Figs. 80, 81, BR). At a higher 
level this bundle branches radially forming 
two lateral bundles ( Fig. 82, BR). The 
bract has one trace but three bundles. 
It encloses a single, sessile, strongly 
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zygomorphic flower (Figs. 76, 83-85). 
Above the bracteal trace, two short branch 
traces depart into the cortex. These 
divide by radial chorisis until the floral 
stele is formed ( Figs. 81, 32, P), consisting 
of eight distinct bundles. Four of these 
depart immediately to supply the calyx. 
The sepals are of equal size at the base, 
but at a higher elevation the upper or 
posterior sepal is larger and its tip becomes 
helmet-shaped ( Figs. 76-78, U). These 
calyx traces like those in the previous 
genera are double or fused bundles, each 
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resulting in a median sepal and a stamen 
bundle: ( Fig. 835 US; SST ya thewree 
maining four bundles enter the carpel, 
as the dorsal, a ventral, and two laterals 
(Fig. 84, C). The laterals break up into 
several strands which run through the 
ovary wall ( Fig. 85). The dorsal persists 
into the filiform style and its expanded 
appendages (Figs. 87-91). The single 
amphitropous ovule receives a branch of 
the ventral ( Fig. 86). The stamen trace 
continues into the thick, adnate filaments 
(Fig. 89, F). The dithecal or anterior 


Figs. 59-75 — Adenanthos barbigera Lindl. | 
Figs. 61-67. C.s. pedicel illustrating the behavior of the vascular tissue of the involucral 


ale 
bracts and the base of the receptacle. x 10. 


Figs. 59, 60. Flowers before and at anthesis. 


Fig. 68. Receptacular stele with at least 15 bundles. 
Fig. 69. Receptacle with 12 calyx, 3 carpel and a few bundles for the glands. 


Fig. 70. Lateral 


sepal bundles dividing to form traces for the gland and four median sepal bundles forming four | 


stamen bundles. 
omitted. 
present in center. 
for the style. 
stamens and one sterile stamen filament. 


X Fig. 71. Three pairs of distinct bracts, glands evident. Figs. 72-75. All bracts | 
Fig. 72. Four glands at the ovular level, vascular tissue in concentric ring, single ovule 

. Fig. 73. Ovule and its vascular supply. Fig. 74. Sepals connate except a slit 
Fig. 75. Oblique section from another flower showing arched style, three perfect 
Figs. 68-75. x 15. 
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stamen (in this genus ) has two cells, each 
of which faces the only cell of the adjacent 


.monothecal stamen (Fig. 89, D, MO). 


In the bud, these adjacent cells form one 
cavity. At anthesis the cavities are 
separated (Figs. 89, 90). The anthers 
cohere by their adjacent margins, but 
become free above ( Figs. 90, 91). The 
abortive stamen has a vascular bundle, 
but microsporangia are not developed 
(Figs. 89-91, F). The style with only 
the dorsal carpellary trace expands into a 
transverse plate bearing two lobate pro- 
jections and is joined on to the filament 
of the abortive stamen by a membrane 
MECS SOIF) The upper 


335 


surface of the expanded wings serve as a 
stigmatic area. 

This genus differs much from those 
described previously in its strong zygo- 
morphy and its anomalous style. There 
has been much reduction. At least one- 
half of the total microsporangial area of 
the stamens has become abortive. The 
posterior stamen is the entire abortive one. 
The lateral sepal traces originate from the 
midrib trace rather than independently 
from the receptacle. Glands and their 
vascular traces are absent. Connectives 
are not present. 

Conospermum tenuifolium R. Br. — The 
vascular anatomy may be considered 


|} with dorsal trace only. 


| stamen. 


Fics. 76-92 — Synaphea favosa R. Br. 


lips. x 6. 


Fig. 77. Upper lip, concave view with style and stigma. x 6. 


Fig. 76. Flower with bract and upper and lower 


Fig. 78. Upper lip, 


slightly side view with style, stigma and the attachment to abortive filament by means of a 


membrane. X 6. 
Fig. 79. Stele of the rachis. 
median sepal trace. 
from median sepal trace. 


median sepal bundles present, carpellary bundles distinct. 
dorsal, ventral, and many lateral traces for the carpel. 
Ovule with its trace from ventral bundle. 


from this and subsequent figures. 


and the three types of stamens. 
Fig. 92. The expanded stigma, 


Fig. 88. Adnation of two filaments to the calyx. 
Fig. 91. The style with expanded wings attached to abortive 


Figs. 79-92. C.s. flower from the inflorescence axis to the anthers. X 20. 
Fig. 80. Rachis with bract trace. 
Fig. 82. Flower freed from the axis; receptacular stele; lateral sepal traces 
Fig. 83. Median sepal bundle and its stamen trace. 


Fig. 81. Origin of the pedicel and 


Fig. 84. All 
Fig. 85. Sepals; four stamen bundles; 
Fig. 86. The sheathing bract omitted 
Fig. 87. Style 
Figs. 89, 90. Filaments 


Fries. 93-110 — Conospermum tenuifolium R. Br. Fig. 93. Flower bud. Fig. 94. Flower at 
anthesis. Fig. 95. Opened flower showing carpel, attachment of filaments, and various stamens. 
Fig. 96. Carpel. Figs. 93-95. x 6. Figs. 97-110. C.s. various levels of the rachis and flower. 
x 30. The bract has been omitted in Figs. 104-110. Fig. 97. Rachis axis and pedicel!. Fig. 
98. Pedicel! separated from axis, new pedicel? opposite. Fig. 99. Pedicel! only; at the base of 
receptacle. Fig. 100. Bract from pedicel. Fig. 101. Sepal traces in the cortex, carpellary traces 
in the center. Fig. 102. Sepals distinct from ovary, stamen traces free from sepal bundles. Fig. 
103. Ventral trace supply to ovule. Fig. 104. Two filaments and bend of style adhering to calyx, 
sections of hairs. Fig. 105. All filaments attached to calyx. Fig. 106. Style free from calyx and 
filament. Fig. 107. All filaments free at the mouth of the tube, formation of lateral sepal traces. 
Fig. 108. Arrangement of dithecous, monothecous, and abortive stamens. Fig. 109. Separation 
of calyx into two lips. Fig. 110. Tips of sepals. 
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typical for most of the two-lipped species 
of this genus studied. The inflorescence 
axis gives rise to the floral axes in the usual 
manner? (Figs.)97, 08 Pt. P2) The 
flowers are opposite. Borne on the pedicel 
is a three-trace bract ( Figs. 99, 100, BR), 
which almost encircles the entire short, 
pedicellate, zygomorphic flower. At the 
level of the separation of the bract from 
the pedicel, the vascular stele of the latter 
consists of four large sepal-stamen bundles 
and four smaller gynoecial bundles 
(Fig. 101, MSC) At the base’ of the 
ovary, the sepal-stamen bundles divide 
tangentially. Each inner or stamen trace 
traverses a filament and a connective 
extending slightly beyond the tip of the 
anthers. When the filaments are free, 
the median sepal (outer ) bundle divides 
to form the lateral sepal bundles ( Fig. 107, 
LS). The sepals originate as one trace 
but finally form the three bundles. The 
small carpellary bundles in the receptacle 
increase in number forming a ring 
( Fig. 103) composed of the dorsal, two 
ventrals, and several laterals. These rami- 
fy through the ovary wall, but the laterals 
disappear at the base of the style. At the 
tip of the style only the dorsal is retained 
( Fig. 106). The ovular trace originates 
from one of the ventrals (Fig. 103, VC ). 
There is no evidence of a gland or vestiges 
of vascular tissue which might give a clue 
to ancestral structure. 

Thus among all species of Conospermum 
examined, sepal traces arise (1) directly 
from the stele of the pedicel, or (2) as a 
single bundle eventually producing the 
three normal traces for sepals. The 
median sepal bundle is double, supplying 
the stamen also. The gynoecial bundles 
arise from the pedicel stele or from the 
lateral sepal bundles. In this tribe, 
among the zygomorphic flowers, one 
stamen is sterile; one, dithecous; and two, 
monothecous. In Synaphea, the posterior 
stamen is sterile; in Conospermum, the 
anterior. Reduction through compression 
has proceeded further in some species than 
in others, variation and lack of stability 
of structures are evident in this tribe. 

V. GREVILLEAE — Hakea  cyclocarpa 
Lindl.— The vascular tissue of the rachis 
cylinder gives rise to two branch traces 
which form a very short oval peduncle 
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with small discrete bundles (Fig. 113). 
This peduncular stele of the paired zygo- 
morphic flowers is somewhat buried in the 
cortex and cylinder of the rachis. The 
short peduncle? forms two steles, one 
above, the Lobhers (iess alll) 11201153 
116, P). These are the pedicellate sepa- 
rated from the axis, but more widely 
separated when free from the rachis 
( Figs. 117, 118). The bundles are very 
irregular in size. Both flowers of a pair 
are in the axil of one deciduous bract. 
The peduncle on which the pedicels are 
borne are much reduced. The bract has 
lost its vascular bundles. The bracteole 
for each flower is not present. 

In the receptacle the internodes are 
almost obliterated. In the base of the 
receptacle about twelve bundles are 
evident ( Fig. 119). Four bundles, equi- 
distant from each other, move outward 
into the cortex (Fig. 119, MS). These 
triple-fused bundles divide tangentially 
forming the median sepal bundle out- 
wardly and two stamen bundles, instead 
of one, inwardly ( Figs. 122-124, MS, ST). 
The double stamen bundles retain their 
identity to the filament but unite before 
they reach the connective ( Figs. 125-131 ). 
Coincident with the division of the median 
sepal bundles, four more bundles in the 
receptacle move toward the periphery and 
alternate with the medians ( Fig. 119, LS). 
These triple-fused bundles, at a higher 
plane, split radially from each edge, 
producing a right and a left bundle to 
adjacent sepalse (Pigs 120521219 7ES]. 
Thus each sepal receives three foliar traces 
(Fig. 131). Each of these eight lateral 
sepal bundles splits tangentially; the outer 
half becomes the functional lateral bundle 
of the sepal; the inner half, the supply 
to the fleshy three-lobed, semi-circular 
gland and the carpel. The fourth or 
anterior lobe of the gland is suppressed 
(Fig. 129,G). The gland is adnate at its 
base to the oblique receptacle, and is 
deeper and thicker on its ventral side, 
opposite the origin of the carpel. These 
strands to the nectary branch freely at the 
outer margin of the base of this secretory 
organ and ramify through its small-celled 


2. The word ‘ peduncle ’ in this paper is used 
to avoid repetition of “lateral inflorescence 
branch " each time. 
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parenchymatous tissue for a short distance (Figs. 125-128, G). Here a pair ee 
( Figs. 123-128, G). The few vascular lateral sepal-gland or sepal-carpel bun a 
elements in the gland are arranged in a occupies the position of petals. In t = 
ring parallel to its outer periphery zygomorphic flower, the vascular supply 
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Fics. 111-131 — Hakea cyclocarpa Lindl. Fig. 111. Arrangement of twin flowers on rachis. 
x 2. Fig. 112. Opened flower (one sepal removed ), semi-circular sland! ED ET MECS 
short peduncular axis. Figs. 114-116. Formation of stele for each of twin pedi 
of traces. Fig. 117. Twin pedicels free, number of bundles increased. Fig. 118. Rearrangement 
of vascular tissue in pedicels to finally form eight discrete bundles. Fig. 119. Base of one recep- 
tacle showing four median sepal bundles (solid black ), four lateral sepal bundles ( open circles y 
and three carpellary traces. Fig. 120. Other carpellary traces and gland traces from lateral sepal 
traces. Figs. 121-127. Receptacle with gynoecial ring of vascular tissue. Figs. 121-123. Gland 
traces from lateral sepal traces. Fig. 125. Traces in the gland and carpel cylinder. Figs. 126, 
127. Vascular supply in gland, carpel cylinder opposite gland. Fig. 128. Sepals free, gland with 
traces, ovary, and ovules. Fig. 129. Lobed tip of gland, Ovary with two ovules. Fig. 130. Free 
sepals, protruded style, double stamen traces. Fig. 131. Anthers free, style with transmitting 
tissue. Figs. 113-131. x 10. 
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of the almost circular nectary originates 
from the lateral sepal bundles nearest the 
base of the gland. The traces from the 
remainder of the lateral sepal bundles 
augment the carpel supply (Figs. 123, 
124; °C): 

Before the vascular tissue for the glands 
separates from the lateral bundles, those 
bundles destined for the gynoecium in- 
crease in number, forming a ring ( Figs. 
122-127,C ). These penetrate the slightly 
stipitate ovary at the level of the upper 
margin of the gland (Figs. 128, 129). 
At the base of the ovary, a branched 
dorsal, two ventrals, and several pairs 
of lateral traces are present. Each 
ventral sends a trace to one or two laterally 
attached, amphitropous ovules ( Figs. 128, 
129 ). 

Among the specimens examined, there 
was much variation in number of bundles 
in the base of the receptacle, in the number 
of stamen bundles, in the number of traces 
entering the stipe of the ovary. Suppres- 
sion in the inflorescence has resulted in the 
shortening of the peduncle, the imbedding 
of the peduncle and the base of the twin 
pedicels in the rachis, the loss of the 
bracteoles and their vascular tissue, and 
the loss of the traces of the bract. Excep- 
tional is the presence of the double stamen 
bundles and the origin of the bundles 
supplying the glands. The geminate 
flowers are lateral, situated one above the 
other on the peduncle. 

Hicksbeachia pinnatifolia F. Muell.— 
The inflorescence axis in a nodal cross-sec- 
tion has a ring of many bundles, accom- 
panied externally and internally by 
sclerenchyma fibres. There are usually 
five large bundles separated one from 
the other by numerous smaller ones 
( Fig. 135). The stele of this rachis gives 
rise to two branch traces ( Fig. 136, PD), 
which pass outward to the cortex. Radial 
chlorisis increases the number till a new 
oval peduncular stele is formed ( Figs. 137, 
138, PD). The peduncle becomes two- 
lobed, the vascular bundles multiplying 
and forming two series separated by a 
constriction (Figs. 138-140, P). Twin 
pedecillate steles with a few small vascular 
bundles between them result ( Fig. 141, 
P,VV). The remnants of vascular tissue 
between the pedicels are the last vestiges 
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of the lateral axes, which ancestrally con- 
tinued to more distal flowers ( Figs. 139- 
143, VV ). Before the twin steles sepa- 
rate, there is evidence that one flower is 
slightly more distal than the other. The 
lower stele is larger and also shows the 
origin of traces to the floral parts before 
the other, indicating a lower position on 
the axis ( Figs. 142-144). This situation 
may indicate that each peduncle is a 
lateral branch, with vestiges of the 
originally continued secondary axis be- 
tween the pedicels. The base of each 
pedicel seems to show a decided com- 
pression of the internodes between the 
flower and its peduncle. 

The first bundles to migrate into the 
cortex of each pedicel are the usual four 
sepal traces which again form the usual 
median sepal and stamen _ bundles 
( Figs. 144-148, MS, ST). Simultaneous- 
ly eight lateral sepal traces from the stele 
pass also into the sepals of each geminate 
flower ( Figs. 145-150, LS). En route 
strands are cut off tangentially to supply 
the glands which alternate with the sepals 
(Fig. 147, G)., Some of these traces 
continue into the center of the stele to 
supplement the ovary supply ( Figs. 146- 
148, C). 

The remaining bundles in each re- 
ceptacle constitute the carpellary supply 
( Figs. 145, 146, C) and, with the traces 
from the lateral sepal-stamen bundles, 
seem to be indefinite in number, some- 
times as many as eighteen or twenty 
(Fig. 150, GY ). These are resolved into 
a strong dorsal with branches, and at least 
two well-defined ventrals with the re- 
mainder as laterals (Fig. 151, VC, DC ). 
Thus the vascular strands of the wall of 
the ovary originate directly from several 
bundles in the receptacle and from the 
lateral sepal-stamen-carpel bundles. At 
the level where the two pendulous ovules 
appear, the carpel is apparently grooved 
(Fig. 151). It is not closed in this area. 
The ovules are borne on the inner sub- 
marginal surface near the tip of the 
loculus. The lateral branches gradually 
vanish but one dorsal and two ventrals 
continue in the style to the stigma 
CSS 20) 

The glands, slightly connate at the 
base, are free at their distal ends; well 
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Fics. 132-156 — Hicksbeachia Pinnatifolia F. Muell. Fig. 132. Portion of inflorescence with 
buds. x 1. Fig. 133. Twin flowers at anthesis. x 1. Fig. 134. Carpels and glands of each twin 
flower. X 1. Figs. 135-144. Anatomy of peduncle, pedicels, and receptacles; transverse to 
rachis. X 15. Fig. 135. Inflorescence axis. Fig. 136. Inflorescence axis showing origin of branch 
traces for peduncle. Figs. 137-140. C.s. showing formation of peduncle and pedicels. Fig. 140. 
Traces to sepal, vestiges of peduncular axis. Figs. 141-143. Traces to calyx, glands, and carpel. 
Fig. 144. Gland and carpel traces in upper flower: open ovary with its vascular supply in lower 
flower. Figs. 145-148. Diagrammatic c.s. of upper flower at various levels. x 15. Fig. 149. 
L.s. flower showing origin of vascular tissue of gland from pedicel stele. x 45. Fig. 150. Vascular 
tissue of the calyx, gland, and carpel at the summit of the receptacle. Fig. 151. Glands free, 
Ovary with two ovules, filaments adnate to calyx. Fig. 152. Filaments enclosing style. Fig. 
153. Anthers enclosing style. "Biss, 150-153. sds. Fig. 154. Connectives beyond anthers 
(calyx not shown ). Fig. 155. Tip of locked sepals with much xylem. Fig. 156. Ventral view 
of sepal showing connective appendage of stamens. Figs. 154-156. x 10. 
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developed traces are composed largely of 
phloem, ramifying through the secretory 
tissue ( Figs. 147-149, G). This vascular 
tissue has arisen from the two adjacent 
lateral sepal bundles in the pedicel cy- 
linder. 

The broad filaments are adnate to the 
tube for almost their entire length 
(Figs. 150-152, F). The connectives 
protrude prominently beyond the anthers 
( Figs. 154, 156, N). The distal ends of 
the sepals contain unusually large masses 
of vascular tissue ( Fig. 155). 

The noteworthy features of this genus 
are: the reduction of the length of the 
peduncles; the loss of the bracteoles and 
their vascular supply; the presence of a 
bract without vascular elements, for each 
pair of flowers; the nearly vertical position 
of geminate flowers on the short peduncle 
of the rachis; the lower position of one 
flower of the pair; the presence of four 
free-lobed glands; the great amount of 
vascular tissue in each gland originating 
from the adjacent lateral sepal bundles. 

VI. EMBOTHRIEAE — Telopea speciosis- 
sima R. Br.— The compact vascular tissue 
of the rachis forms the very short pedun- 
cular stele by means of the usual branch 
traces. The peduncle begins to constrict 
laterally ( Figs. 160, 161). Three bract 
traces from the opposite side migrate from 
the stele leaving a unilacunar gap ( Fig. 
161). The vascular oval of the peduncle 
closes. After the dissociation of the bract, 
which subtends the twin flowers, the 
constriction is completed and two pedicels 
of equal size result (Fig. 162, P). The 
vascular tissue of each pedicel reorganizes 
and by subsequent divisions, new vascular 
elements are added, as the pedicel increases 
in diameter. 

At the base of the short, oblique re- 
ceptacle, there are as many as 16 to 24 
bundles, closely arranged but well-defined 
(Fig. 163). The first traces departing 
from each pedicel cylinder are the lateral 
sepal traces ( Fig. 164,15). They usually 
appear as four pairs of bundles and re- 
present the right and left lateral supplies 
of different sepals. Due to the oblique 
receptacle, each pair arises at different 
levels. Like the stamen traces they are 
paired only because they are close to- 
 gether, but do not supply the same organ 
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as do most pairs of bundles. Between 
each lateral sepal bundle pair is the 
median sepal bundle (Fig. 164, MS). 
Thus each sepal is supplied by a median 
and two lateral traces, each originating 
in the base of the receptacle. Each of 
these sepal bundles is compound. The 
median sepal gives rise, by tangential 
division, to two stamen traces ( Fig. 165, 
ST). Each sepal sector comprises a 
median, two laterals, and double stamen 
traces. These ascend into the calyx tube. 
The two stamen traces run up along the 
adnate sepal-filament and unite to form 
a bundle below the anther and continue 
to the tip of the sporangia ( Figs. 166-170, 
176, ST). The lateral sepal bundles are 
triple-fused. Tangential division results 
in the outer, lateral sepal traces; and the 
inner, the vascular strands for the glan- 
dular ring ( Fig. 164, G) and some of the 
carpellary supply (Fig. 169, C). The 
stamen traces also give rise to a few strands 
which penetrate the gland at its base 
(Fig. 166, G). Hence the gland, com- 
posed of three fused lobes with the 
anterior lobe partially suppressed, is 
vascularized by traces from the lateral 
sepals and the stamens. The few bundles 
in the receptacle, among the lateral sepal- 
gland bundles and the median sepal- 
stamen bundles, increase the carpellary 
supply2 (Migs 1652 C) The vascular 
tissue of the gland branches prolifically 
within the organ resulting in minute 
bundles or areas of phloem through its 
structure ( Figs. 167, 168, G). Some of 
these strands continue into the center of 
the receptacle to augment the carpellary 
supply ( Fig. 168, C ), which is in the form 
of a well-developed ring at the tip of 
the receptacle ( Fig. 169). These traces 
migrate through the stipe and at the base 
of the ovary consist of a dorsal, two 
ventrals, and several laterals ( Figs. 171- 
173). The ventrals give rise to numerous 
traces, one for each ovule, which number 
12-16, arranged in two imbricate rows in a 
single loculus ( Figs. 172, 173, VC). 

The vascular supply shows that the 
actual insertion of the individual zygo- 
morphic flower is far below its appa- 
rent external emergence. The geminate 
flowers are situated one above the other 
on the rachis and are subtended by a bract 
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situated laterally between them. At the 
base of the receptacle, the entire calyx 
vascular supply originates from indepen- 
dent bundles. The double stamen bundles 
are well-formed at this level. This is an 
exception in the genera studied in this 
family. The original lateral sepal bundles 
are triple-fused and may be designated 
as the lateral sepal-gland-carpel bundles 
in the radius of a petal. The gland is 
vascularized by traces from the lateral 
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sepals and the stamens. The numerous 
ovules are unusual for the majority of 
genera examined. 

VII. BANKSIEAE —Banksia integrifolia 
L.— The inflorescence is a strobiliform 
spike, sessile above the last leaves. The 
pairs of numerous, sessile, actinomorphic 
(or nearly so) flowers (Figs. 183-185) 
stand laterally (side by side) in close 
whorls surrounding the inflorescence axis. 
They are subtended by a single bract 


Figs. 157-177 — Telopea Speciosissima R. Br. 
subtended by bract. x 2. 
nular gland and carpel. 
skeleton of peduncle and pedicels. 
two steles, traces to common bract. 
163-165. Stele of single pedicel, various traces to sepals, gland, paired stamens, and carpel. 


x 4. 


166. Carpel traces originating from lateral sepal-gland traces. 
Figs. 168, 169. Glands Supplied with numerou 
Fig. 170. Stipe free. 


vascular strands. 
‚for stipe of ovary; union of stamen traces. 


Fig. 158. Twin flowers at anthesis. 


Fig. 157. Portion of rachis showing twin buds 
x 4. Fig. 159. Pedicel with an- 


Figs. 160-170. C.s. various levels to show behavior of vascular 


x 8. Fig. 160. Peduncular stele. Fig. 161. Peduncle with 
Fig. 162. Two pedicels distinct, common bract free. Figs. 
Fig. 


Fig. 167. Portion of gland with 
s bundles (larger dots ); cylinder 
Figs. 171-174. x 18. Ovary only, 


with imbricate ovules in four rows. Fig. 174. Style above tip of ovary. Fig. 175. Style at bend. x 18. 


Fig. 176. Plane at which anthers are adnate to calyx. x 8. 


Fig. 177. Anthers free from calyx. x 8. 


FiGs. 178-198 — Banksia integrifolia L. Fig. 178. Mature twin flowers. Fig. 179. Bud with 
protrusion of style. Fig. 180. Scales surrounding the ovary. Fig. 181. Abaxial view of bracts 
subtending twin flower buds. Migs 178-181. 9x2) | Big) 182) Adaxial view of bract and two 
Bracteoles. x 3. Fig. 183. Face view of cone showing rows of alternating pairs of flowers in axil 
Of bracts. x 2, Fig. 184. C.s. cone showing abaxial view of bracts, buds, and vascular ring of 
inflorescence axis. x 3. Fig. 185. A portion of adaxial view of cone, bracts, bracteoles and twin 
flowers, just before anthesis. x 2. Figs. 186-198. Css. illustrating the behavior of vascular 
skeleton. x 10. Fig. 186. Stele of cone. Fig. 187. Rachis with bract traces. Fig. 188. Rachis 
with traces to bract and short peduncle. Fig. 189. Base of peduncle within cortex of rachis. 
Fig. 190. Traces to one twin flower and its bracteole. Fig. 191. Traces from peduncle to paired 
flowers. Figs. 192-198. Cs. portions of cone. Fig. 192. Vascular tissue at the base of the re- 
ceptacle of twin flowers imbedded in the cortex of inflorescence axis. Fig. 193. Vascular bundles 
in the base of each receptacle. Fig. 194. One of twin flowers, two scales, bract, and bracteoles. 
Fig. 195. Four scales, two ovules in ovary. Fig. 196. Each filament adnate to a sepal. Fig. 197. 
Anthers free, connectives thick. Fig. 198. Connectives extending beyond anthers, 
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( Fig. 181, BR ) which in turn encloses two 
narrow, membranous, densely woolly, 
villous bracteoles, each subtending a single 
flower (Fig. 182, BE). All bracts are 
closely imbricate, simulating a cone-like 
structure ( Fig. 183). The gamophyllous 
tube of each paired flower is very slender, 
ultimately splitting beyond the bracts 
(Fig. 185). The short pedicels of the 
flower situated on a very short peduncle 
are also imbedded in the tissue of the 
rachis ( Figs. 190-192, P). 

The stele of the rachis has a ring of 
unequal-sized bundles with sclerenchyma 
fibres on either side (Fig. 186). The 
larger bundles break up into smaller ones; 
three or five migrate through the narrow 
cortex as traces to the bract ( Fig. 187, 
BR). Branch traces form a very short 
peduncular stele ( Fig. 189, PD). Simul- 
taneously with the separation of the bract 
is the formation of two sets of branch 
traces which in a very short internode 
result in two imbedded pedicel steles 
( Figs. 190, 191, P). At the base of the 
receptacle, still imbedded in the cortex 
of the rachis is the vascular tissue destined 
for the flower ( Fig. 192). It is composed 
of a continuous ring of vascular elements. 
The first to depart are the four median 
sepal traces followed closely by the paired 
laterals, each one of the pair for a different 
sepal (SO SDS) TRE ache sepalimis 
furnished with the normal three leaf 
traces each of which originates indepen- 
dently from the receptacular stele. The 
median sepal traces quickly reveal their 
double nature as sepal-stamen traces 
( Fig. 193, MS, ST). The residual tissue, 
consisting of very few elements, represents 
vestiges for the four scales ( Fig. 192, SA ), 
which adhere to the base of the floral tube 
in a position alternate with the sepals and 
opposite the lateral sepal bundles ( Figs. 
194-195, SA). They are free for the 
greater part of their length. These struc- 
tures suggest remnants of a petal whorl. 
The lateral sepal bundles give rise to most 
of the carpellary bundles ( Fig. 193, DC, 
VC). These become differentiated into 
one dorsal, which may or may not branch, 
and two ventrals which send branches to 
the two collateral ovules in the open, uni- 
locular carpel (Fig. 195, 0). The ovary 
is grooved and open on its ventral margin 
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(Fig. 195). Though its dorsal trace con- 
tinues into the stigma, en route it may 
branch, but the branches fuse in a higher 
plane. The filaments are adnate to the 
sepals, at a level just above the ovary 
(Fig. 196). The connectives have huge 
vascular bundles between small anthers, 
sessile only at the bases (Figs. 197, 
198 EN?) 

In this genus there is a very high degree 
of suppression. The peduncle is almost 
lost; the short twin pedicels are slightly 
united at their bases, and with each 
receptacle of the individual flowers, are 
telescoped within the cortex of the in- 
florescence axis. Internodes are obliterat- 
ed. The various floral traces arise almost 
simultaneously from the receptacular 
cylinder. The scales, apparently vestigial 
petals, have been reduced in size, but | 
remain membranous. Their vascular sup- 
ply is lacking except for one or two 
elements in the base of some organs 
( Fig. 192, SA). Each flower possesses a 
bracteole, and the pair of flowers. still 
retains the common bract. Here is 
evidence of extreme shortening of a lateral 
branching system. The cone-like aggre- 
gation of flowers represents a much con- 
densed branching system and is therefore 
an advanced inflorescence. 


Discussion 


The foregoing morphological and ana- | 
tomical investigations of the species give | 
evidence which seems to reveal the evo- | 
lutionary status of the Australian Pro- | 


teaceae studied. There is much variation | 
Diels (1906) was aware | 


in the organs. 
of the plasticity of the vegetative organs 
within not only the family, but genera | 
also and considered the forms almost | 
inexhaustible and not attained in any | 


other family. Even individual species are |} 


not constant in form. Inconstancy has | 
been shown by this study in types of | 
inflorescence, the structure of the indivi- | 
dual flower, and the vascular systems. 
There has been observed among the | 
species investigated, a series in flower 
modification which exemplifies the evo- 
lutionary tendencies within the family. 
The primitive panicle-type of inflorescence 
has been condensed to a simple raceme 
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which has been modified to form an umbel, 
head, or cone-like aggregation. A con- 
densation of the lateral secondary axes 
of the raceme has left only the peduncle 
and pedicels, or the pedicels, either in pairs 
or singly; or, the pedicel has been lost 
entirely, producing sessile flowers. The 
organs, the morphological nature of which 
is least understood are the glands, discs, 
or scales, which show steps in advance- 
ment. Other tendencies in the family 
are the progress from actinomorphy to 
zygomorphy, the reduction of the number 
of ovules from many to one, the presence 
of anatropous, amphitropous, and pen- 
dulous, orthotropous ovules. These various 
conditions within the family indicate 
that specializations have occurred along 
various lines. The apparent simplicity 
of the flower is the result of suppres- 
sion which has produced cohesion and 
adnation of organs and their vascular 
supply, and the modification or loss of 
the petal whorl. These evidences point 
strongly to the conclusion that the Pro- 
teaceae have become much specialized. 
INFLORESCENCES — The _ inflorescences 
of the Proteaceae run the entire gamut 
from solitary, sessile, or pedicellate flowers 
to loose and dense racemes, umbels, heads, 
or cones as described by taxonomists. 
Speculation as to what may have been 
the ancestral type and a suggestion of 


a possible developmental condition is 
attempted. 
Three theories have been proposed 


to explain the phylogeny of existing 
inflorescences: (1) Nägeli (1884), Cela- 
kovsky (1892), and Pilger (1922) ad- 
vocate the panicle as the primitive type; 
(2) Parkin ( 1914) reports that the solitary 
flower was the ancestral form and that 
by the addition of lateral branches and 
lateral flowers the multiflowered in- 
| florescences were developed; (3) Woodson 
(1935) and Rickett (1944) believe the 
dichasium or cyme is the primitive form. 
In this family the majority of the existing 
inflorescences appear to have been derived 
from racemes which have undergone much 
reduction and compression to form heads, 
cones and spikes. 

In the majority of the Persoonioideae, 
the floral aggregation is variable, but the 
| flowers occur singly in the axils of bracts, 
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Though the Grevilloideae develop similar 
types of inflorescences, the flowers occur 
in pairs, each pair subtended by a bract. 
Normally in inflorescences a single 
pedicellate flower bears a bract or bracteole 
at the base of the pedicel. Bailey ( 1954) 
finds that in Degeneria the flowers are 
bracteate near the middle of the pedicel. 
This “ may indicate that the inflorescence 
is reduced from a complex structure, and a 
supposed pedicel is peduncular in origin.” 
The twin flowers of Helicia present some 
features comparable to Degeneria, which 
may aid in determining the ancestral type 
of the proteaceous infloresence. They are 
borne on ‘ apparent’ pedicels ( Fig. 200, 
P) each of which bears a bracteole 
attached midway between the flower and 
its point of attachment below ( Fig. 
200). The pair of pedicels is subtended 
by a bract and another subtends the 
peduncular base. Morphologically the 
so-called “ pedicel’ here is composed of 
two parts: the true pedicel down to the 
bracteoles (P), and the peduncle (PD) 
from the bracteole to the lower bract. 
The two peduncles are attached to a 
secondary axis (X) which also is sub- 
tended by a bract (BR). Both the secon- 
dary axis stele and its bract arise from the 
rachis of the inflorescence. Each secon- 
dary axis, peduncle, and pedicel originates 
from its mother axis supplied by means of 
two branch traces, which eventually form 
dissected siphonosteles. If the bracteoles 
have their origin from the floral stele, 
they belong to the flower and are situated 
on lateral branches; if leaf-like structures, 
they arise from the rachis stele, and are 
then in the axil of the latter and are to be 
considered true bracts. The leaf-like 
structures borne on the short, thick stalks, 
or peduncles, indicate the position of 


ancestral lateral branches of an in- 
florescence, on which the flowers were 
borne. 


Among the Persoonioideae, the traces of 
the bracts of Conospermum, Franklandia 
(Fig. 34), Petrophila, Isopogon, and 
Adenanthos ( Figs. 63-71 ) originate in the 
stele of the pedicel; they do not arise from 
the rachis of the racemose branch. In 
Telopea (Fig. 160), Hicksbeachia ( Fig. 
143), Helicia, Hakea and Grevillea, the 
bract is borne on the peduncle. The stele 
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of the peduncular axis varies in length and 
often is imbedded in the cortex of the 
rachis, the secondary axis being obli- 
terated externally (Figs. 201-203). In 
Macadamia (Fig. 204), Xylomelum and 
Lambertia the trace of the bract arises from 
the stele of the rachis, and the pair of 
flowers therefore is in the axil of the 
inflorescence bract and must represent a 
reduced lateral axis. In Banksia the 
short, connate peduncles are telescoped 
and lie in the rachis as imbedded steles 
( Figs. 188-190). Each flower of Banksia 
is formed on a pedicel which represents a 
lateral branch (Fig. 201). Since two 
bracteoles are present, each flower is 
developed on an individual pedicel which 
has been shortened but remains distinct. 
At the base the subtending bract of the 
lateral two-flowered axis or peduncle is 
present, but the secondary axis has been 
obliterated externally in its phylogeny 
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( Fig. 201). Thus in Banksia the vascular 
supply of the bracts arises from the short 
peduncle and that of the bracteoles from 
the vascular cylinder of the pedicel. The 
bract of the rachis and its secondary axis 
has been lost, due to extreme compaction 
of the whole raceme into a cone. Many 
of the buds of the Grevilloideae seem to 
show that the pedicels and peduncles are 
connate entirely but microscopic exami- 
nation reveals the pedicels are quite 
distinct for a greater length than is ap- 
parent externally. 

In Hicksbeachia ( Figs. 139-141, VV ) 
the stele of the peduncle contains some 
minute bundles which do not enter into 
the formation of the steles of either pedicel. 
These bundles are interpreted as remnants 
of a third pedicel which may have borne 
another terminal flower or as the remains 
of a secondary axis, which was suppressed 
and then lost with only a few vascular 
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Fics. 199-206 — Diagrammatic representations of the evolution of the sessile flower from 


a panicle. 


flowers. Fig. 199. A normal panicle. 


Figs. 201-206. Illustrating the condition of the peduncles and pedicels of a pair of 
TS. pan Fig. 200. Portion of a racemose inflorescence of Helicia 
glabrifolia. ( Dotted structures indicate absence of that structure Je 


Fig. 201. Banksia integrifolia; 


secondary branch obliterated. Fig. 202. Telopea speciosissima; peduncles shortened, bracteoles 


lost. 


_ Fig. 203. Hicksbeachia pinnatifolia; peduncles and pedicels still shorter. 
damia ternifolia; peduncles lost, pedicels long. 


Fig. 204. Maca- 


Fig. 205. Persoonia salicina; a single flower. 


Fig. 206. Symphyonema montanum; a single sessile flower. 
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elements remaining as vestiges. In most 
specimens of this genus, the bracteoles of 
the terminal branches are absent, but the 
twin flowers only remain. Absence of 
bracts and bracteoles is common in many 
dicotyledonous families. 

As a part of the condensation of 
branches, the internodes between the pairs 
of twin flowers have been shortened re- 
sulting in compact or dense racemes, 
umbels, heads and cone-like inflorescences. 
These are commonly considered highly 
specialized types. But in spite of this 
compactness, the twin flowers are retained 
in the Grevilloideae. In the species where 
peduncles and pedicels are lost, the spike 
has resulted and the paired flowers have 
become sessile. 

The inflorescences of Helicia ( Fig. 200), 
Hicksbeachia (Fig. 203), and Telopea 
( Fig. 202) strongly support the theory 
that the primitive inflorescence of the 
Proteaceae was the panicle (Fig. 199). 
The presence of bracteoles on the pedicels, 
the bracts at the base of the peduncles 
and at the base of the secondary branches, 
the dissected siphonosteles originating 
from branch traces, the obliteration of the 
suppressed branches of the racemes, and 
the vestiges of vascular tissue between the 
axes, and the relation in position of the 
bracteoles and bracts, strongly support 
the conclusion that the inflorescences are 
derived from a more complex floral sys- 
tem, no doubt, a panicle ( Figs. 199-206 ). 

Among the majority of the Per- 
soonioideae the flowers occur singly in the 
axil of a bract and these appear also 
to have been derived by great reduction. 
The single flower is the result of the loss 
of the twin flower bearing branch, and its 
accompanying peduncle (Fig. 205). In 
inflorescences the flower stalk or pedicel 
may be all that remains of a lateral 
branch and the prophylls may become the 
bracteoles of the former ( Rickett, 1944). 
Further reduction of internodes has led 
to the formation of the higher types of 
inflorescences as in the Grevilloideae. In 
Symphyonema and Stirlingia, the pedicels 
have been suppressed also, so that each 
flower has become sessile in the axil of the 
bract ( Fig. 206 ). 

It seems evident that the primitive 
paniculate type of inflorescence has under- 
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gone extreme reduction. The simple in- 
florescences are specialized in (1) the loss 
of branching of various degrees, (2) sup- 
pression of internodes, (3) abortion and 
loss of bracteoles and bracts, and (4) 
the subsequent entire loss of vascular 
tissue of these structures. 

The writer agrees with Rao (1957) 
who states that “the racemes of the 
Grevilloideae are condensed panicles ” 
but does not accept the remainder of his 
statement that “ the Grevilloideae panicles 
were formed by reduction from lax 
paniculate inflorescences commonly found 
in the Persoonioideae.” The presence 
of the solitary flowers in the Persooni- 
oideae perhaps represents a more ad- 
vanced stage in phylogeny than the 
twin flowers among the Grevilloideae. 
Another interpretation of the solitary 
flowers is that parallel evolution from a 
common ancestor resulted in the develop- 
ment of the two sub-families: one with 
solitary and the other with panicles. 
However a more detailed study of Central 
and South American as well as African 
species may lead to a more definite status. 

THE CALyx — Three opinions exist re- 
garding the morphological nature of the 
outer whorl of floral organs of the Pro- 


teaceae. (1) Bentham & Mueller ( 1870), 
Bentham & Hooker (1883), Rendle 
(1925), Brough (193305 Standleyz& 


Steyermark (1946), Sleumer (1954), all 
designate the outer whorl of the flower 
as a perianth, mentioning neither sepal 
nor calyx. DeCandolle ( 1856-57), Payer 
(1857), Hutchinson (1926), Saunders 
(1933), Kausik ( 1940) specify definitely 
that the outer whorl is a calyx composed 
generally of conjoined sepals forming 
a tube. Schacht (1853) in his study 
of Mangliesia (Grevillea) cuneata, con- 
sidered the segments a corolla, since they 
bore stamens. 

The study of the vascular anatomy of 
the 31 species reveals that generally the 
individual segments of the calyx receive 
ultimately three vascular strands, a 
number which is characteristic of pri- 
mitive foliar organs ( Eames & MacDaniels, 
1947). Hence the segments here are 
construed to be foliar appendages or sepals. 
Their traces may have their origin in one 
of four ways: (1) the midrib and two 
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lateral foliar traces may depart from the 
central cylinder directly, often in very 
close whorls ( Adenanthos, Isopogon, Petro- 
phila, Helicia, Xylomelum, Macadamia, 
Banksia, Telopea ); (2) two traces pass off 
from the receptacular stele, one as the 
midrib trace, the other as a fused bundle 
which divides anticlinally in the re- 
ceptacle en route to the sepal to become 
the right and left marginals of adjacent 
sepals (Persoonia salicina, Franklandia, 
Grevillea, Hakea). Thus this origin of 
the laterals is decidedly commissural 
(Saunders, 1933). Saunders also states 
that the “ traces originate within the petal 
sectors, and each trace may be regarded 
as the counterpart of one sepal of a 
dichlamydeous ancestor and half the 
neighboring petal on either side.” Kausik 
(1938) concludes “ the alternating single 
strands supplying the margins of adjacent 
perianth lobes are really petal traces, the 
courses of which have become altered on 
account of complete disappearance of a 
whorl of petals; these traces therefore 
enter the lobes of the only surviving 
envelope ’’, which in this case, is the sepal; 
(3) a single trace leaves the receptacle 
but divides radially along each face in 
the lamina of the sepal, instead of the 
tube ( Synaphea formosa, S. flavosa, Petro- 
phila and some Symphyonema flowers; (4) 
a single trace enters the sepal without 
branching ( Stirlingra ). 

In the history of phylogeny, the three- 
traced sepal derived directly from the 
receptacular stele is probably the most 
primitive. Due to shortening of the 
floral axis into dense racemes, heads, cones 
and spikes and the compacting in the 
receptacle, there has been brought about 
a closer proximity of the adjacent lateral 
bundles in the receptacle, resulting in a 
fusion into a common trace and bringing 
it into the position of petal traces 
( Kavaljian, 1952). The next step in- 
volves the separation of this single trace 
into its component parts when it reaches 
the lamina of the sepals. Further com- 
pression in the already compact receptacle 
has led to the fusion of all three traces 
into one which penetrates the calyx tube, 
where it branches into three bundles in 
the lamina of the sepals. Finally, the 
suppression may obliterate the laterals 
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entirely leaving only the midrib. The 
three-traced sepal is apparently primitive 
in this family. 

The calyx composed of one-trace sepals 
represents not a primitive but a specialized 
state where compression in the recepta- 
cular stele has resulted in the fusion of 
the three traces, the lessening of gaps, 
and the cohesion of the traces. Vascular 
evidence shows that the perianth is a 
calyx composed of gamophyllous sepals, 
and indicates that many of the flowers of 
the Grevilloideae would be less specialized 
than the flowers of Stirlingia and Sym- 
phyonema, which have but a single strand 
supporting each sepal. 

STAMENS — The stamens of the Pro- 
teaceae are epiphyllous for various lengths. 
There are three types: perfect, abortive, 
and in two genera examined, partially 
abortive. In Synaphea and some species 
of Conospermum each flower possesses a 
perfect or dithecal stamen, two mono- 
thecal ones and one abortive or sterile one. 
However in Synaphea the sterile stamen is 
on the abaxial side of the flower, whereas 
in Conospermum it occurs on the adaxial 
side. In Adenanthos obovata the lower one 
may be sterile. The broad filament is 
usually inserted upon the sepal, either 
wholly adnate, leaving the anthers sessile 
at the base of the free portion or the fila- 
ments may be free for a short distance 
below the lamina. Rarely are the stamens 
entirely free from the calyx, except in 
Symphyonema. The connective between 
the anthers is well developed in some 
genera often extending well beyond the 
sporangia as a small appendage ( Frank- 
landia, Isopogon, Petrophila, Helicia, X ylo- 
melum, Hicksbeachia, Banksia). Parkin 
(1951) postulates that “ the protrusion 
of the connective beyond the anther, when 
present, is regarded on the whole as a 
vestige pointing to the pollen sacs not 
having originally an apical position. ” 
Many connective appendages are found 
in the Magnoliaceae also, where it 
has been shown that they may have been 
developed to assist in biological functions, 
especially pollination. These appendages 
may function in the ornithophilous 
pollination in the Proteaceae. They are 
present chiefly in many less advanced 
families, 
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Commonly the vascular supply of the 
stamen in most genera originates from the 
median sepal bundle which is double in 
nature. Its separation may occur (1) in 
the receptacle base or (2) its identity may 
not be revealed till ovary and gland traces 
have been given off from the receptacle. 

Generally, a stamen is supplied by one 
or two traces. In Persoonia salicina, 
eight stamen traces originate from the 
four median sepal bundles in the recepta- 
cular stele. Each pair ascends through a 
sepal of the tube, then at the level with 
the tips of the glands, the two traces 
unite, continue into the filament and into 
the connective as an arc-shaped mass of 
vascular tissue. In the tip of the con- 
nective a large mass of tracheal tissue is 
formed. This condition represents a 
simple primitive stamen trace supply. 
In the majority of genera, the single 
stamen trace is prevalent, also originating 
from the midrib bundle, either indepen- 
dently in the base of the receptacle or at 
level with the tips of the glands. In the 
flowers of Telopea, the stamen receives a 
double or single trace from the stele, 
depending upon whether the median sepal 
cuts off one or two bundles. Kausik 
(1941) in his study of Grevillea robusta 
reports that double stamen traces are 
_ derived from different sources in the floral 
stele. Bailey & Swamy ( 1949) find that 
in Austrobaileya, a stamen has a double 
trace which reveals varying degrees of 
fusion within the stamen itself. In 
Grevillea banksii, the author finds only 
single traces. The single stamen trace 
represents the union of the double stamen 
strands. 

Franklandia presents a unique stamen 
situation. The functional stamen trace is 
derived from the usual median sepal 
bundle, at the level where the corolla 
separates from the calyx. It is a single 
bundle. At the base of the receptacle, 
a trace originates by periclinal division 
from each lateral sepal bundle. These 
two traces from each lateral sepal bundle 
continue into the tube and into the broad 
filament. Above the level of the awns, 
these strands and the fused median sepal 
bundle gives rise then to the normal 
stamen bundle which also supplies the 
filament and the connective. This be- 
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haviour of the vascular tissue suggests 
that the broad filament in Fvanklandia 
represents a two-trace modified condition. 

Arber (1950) believes the monothecal 
anthers result from special pressures in the 
early stages of flower growth and the 
stamen trace originates from one bundle 
in the stele ( Synaphea, Conospermum ). 
Dithecal stamens are supplied by a double 
bundle, a union of two single ones. The 
author finds evidence of the union of two 
traces to form one functional stamen trace 
in Persoonia salicina, and all stamens in 
this species are of the dithecal type. The 
anthers become more latrorse with pro- 
tuberant sporangia and the sporogenous 
areas equal or exceed in amount the sterile 


tissue. The pollen is largely triangular 
and triporate. Banksia has biporate 
pollen. Franklandia possesses spherical 


pollen grains. 

The two-traced stamen is the primitive 
one in this family. Cohesion (as a result 
of suppression ) of the double traces has 
produced the single trace. The trends of 
specializations from the primitive type 
show a reduction in the number of traces 
from two to one; in the reduction of fertile 
thecae in two genera, and in the reduction 
or loss of the connective appendages. 
Much compression in the flowering in- 
floresence has led to adnation and co- 
hesion internally, of parts of the vascular 
skeleton in the receptacle and externally 
in the calyx where perigyny is present as 
in Franklandia. 

Throughout the family the stamens are 
adnate to the calyx in various degrees, 
except in Symphyonema where the stamens 
are free. The fusion of the vascular tissue 
of these two whorls was consequent on 
the reduction of the corolla. Suppression 
apparently accounts for this condition 
of the epiphyllous stamens. 

GLANDS, Discs AND SCALES — The 
enigma of structure among the Proteaceae 
is the gland, disc or scale. These have 
been studied but their morphological 
status is still in question. Müller ( 1929 ) 
in his study of the nectary in Grevillea 
preissii Meisn. makes no mention of 
vascular traces in the glands. Brough 
(1933) believes the gland in Grevillea 
robusta A. Cunn. is not the morphological 
equivalent of a reduced perianth but 
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merely an “adventitious accessory de- 
velopment of the torus.” Kausik ( 1938 ) 
states that it is a new structure without 
any definite morphological status in the 
flower. Later in 1940, he retracted this 
conclusion considering “the disk as a 
much reduced corolla with feebly de- 
veloped vascular strands whose cell ele- 
ments however do not seem to be fully 
tracheal in nature. They appear merely 
as strands of elongated cells with more or 
less diminished cell contents. ’’ He con- 
sidered the corolla is on the verge of ex- 
tinction. Rao ( 1957) considers Kausik’s 
“interpretation of the morphology of the 
nectary and perianth as untenable.’”’ He 
also concludes that “the nectary is not 
homologous to a reduced corolla.... The 
gland in the Proteaceae evolved as a 4- 
lobed alternitepalous non-vascular organ 
in connection with secretion of nectar.” 
Among the Persoonioideae examined 
only three genera possess scales. In 
Persoonia, ( Figs. 209, 210) four small, 
linear scales, slightly thickened in their 
dorso-ventral plane, are present. No 
vascular supply for them is evident in the 
receptacle. The scales are composed of 
small parenchyma cells with large nuclei 
and dense cytoplasm. In Adenanthos 
( Fig. 211) the four lanceolate lobes show 
no vascular tissue, but near the summit 
of the receptacle, a few strands of xylem 
arise from the lateral sepal bundles below 


Fics. 207-220 — Various types of glands in 
the Australian species studied. Figs. 207-211. 
Four types of distinct hypogynous scales. Figs. 
212-215. Glands connate at the base but with 
free tips. Fig. 216. Cup-shaped gland. Figs. 
217-219. Almost circular glands. Fig. 220. Gland 
surrounding style and separated from calyx. 
Fig. 207. Banksia integrifolia. x 4; Fig. 208. 
Banksia ericifolia. x 2; Fig. 209. Persoonia 
salicina. X 3; Fig.210. Persoonia pinifolia. x 3; 
Fig. 211. Adenanthos barbigera ( involucre, carpel 
not shown). x 4; Fig. 212. Xylomelum pyri- 
forme. x 3; Fig. 213. Macadamia ternifolia. x 3; 
Fig. 214. Helicia glabrifolia. x 2; Fig. 215. 
Hicksbeachia pinnatifolia. x 3; Fig. 216. Lam- 
bertia formosa. x 4; Fig. 217. Grevillea banksii 
x 3; Fig. 218. Hakea cyclocarpa. x 3; Fig. 219. 
Telopea speciosissima. X2; Fig. 220. Franklandia 
triaristata. x 2. 
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the glands but do not enter the glands, 
which are formed of more loosely arranged 
parenchyma cells. 

In Franklandia ( Figs. 42, 43, 48-51, 
220) a zone of cells with little cytoplasm 
is distinctly adnate to the calyx tube. 
Two or three rows of very tiny parenchyma 
cells demarcate it from the gamosepalous 
tube. At the rim of the perigynous tube, 


Fics. 207-220. 
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this zone separates from the calyx and sur- 
rounds the style in the form of a ring 
thickened in the areas opposite the sepal 
margins. This ring occurs above the 
distal ends of the awns and the base of the 
adnate filaments. This structure can be 
interpreted as a corolla whose free tips 
function as glands. At the summit of the 
receptacle vascular strands lead from the 
lateral sepal bundles, but disappear as 
soon as the carpel traces forma stele. No 
vascular traces enter the corolla. The 
organ has been retained as an adnate 
structure, its vascular tissue obliterated 
in the organ but retained in the receptacle. 
Franklandia strongly supports the theory 
that the glands are transformed petals. 

Among the Grevilloideae there is much 
variety of form and size in the glands. 
There are four narrow, linear membranous 
scales in Banksia (Fig. 207); four free 
fleshy organs slightly coalesced at the 
base in Xylomelum (Fig. 212), Hicks- 
beachia (Fig. 215), Helicia ( Fig. 214), 
Macadamia ( Fig. 213); a semi-circular 
ring in Hakea ( Fig. 218) and an almost 
complete annular ring in Telopea 
4618219). 

The vascular supply for these glands, 
generally originates from the lateral sepal 
or commissural bundles in the receptacle. 
These bundles are of a triple nature and 
the bundles divide periclinally, the abaxial 
half traversing the sepals, the adaxial half 
giving rise to the glandular traces. After 
the branches depart to the glands, the 
residual tissue forms the carpellary 
strands. In some genera these vascular 
strands to the glands reach their bases 
and then vanish ( Xylomelum, Lambertia ). 
In Grevillea, Telopea, Hicksbeachia ( Fig. 
149), and Hakea, the traces ramify 
through portion of the organ. In these 
zygomorphic flowers, at the summit of 
the receptacle, the commissural bundles, 
nearest the gland, supply the base of the 
gland; for the free, four-lobed glands, all 
eight sepal-gland-carpel bundles enter the 


base of the gland. These commissurals | 


arise in the sector where petal bundles 
usually occur, thus alternating with those 
of the sepals. The internode between 
these whorls is very much shortened. 
Fundamentally these commissural bundles 
have a sepal-gland-carpel role. 


Hall (1951), investigating the genus 
Acer, reports that the “discs (in this 
genus) are supplied by branches of 
perianth traces and by the perianth traces 
themselves, which branch extensively 
within the disc... The vascular supply is 
absent in some discs, and the organ itself 
may have disappeared. Acer pennsylvani- 
cum manifests a higher degree of adnation 
having bundles that represent fused sepal, 
petal, stamen, and ovary wall supply.” 
Similar conditions exist among the Pro- 
teaceae, excepting that the petal trace 
becomes the trace for the gland. On such 
a basis, the structure in Franklandia and 
most of the Grevilloideae provides clear 
evidence that the glands are modified petals 
which have secondarily assumed a new 
function, a secretory one. 

The majority of the glands, scales, and 
discs, excepting the scales of Banksia, 
seem to have some secretory tissue, even 
those of Adenanthos and Persoonia. They 
are composed of dense, thin-walled cells, 
rich in cytoplasm with large nuclei. The 
symmetrical glands with a slightly connate 
base, and the semi-circular organs have 
the vascular tissue approaching the secre- 
tory areas, but not anastomosing through 
the entire gland. The subsequent branch- 
ing seems to be composed of protophloem 
cells which produce a more or less fan or 
brush-shaped arrangement, dependent 
upon the size of the gland. This is 
devoid of normal tracheal elements. 
Arber suggests ““ these cells may furnish a 
sort of quasi-vascular supply to the 
nectariferous tissue and considers this 
tissue as suggestive tissue.” The tissue 
marks the position of a vanishing vascular 
supply. The amount of vascular tissue 
in the glands is in proportion to the 
height and nature of the gland. Heinig 
(1951) found a similar state in the 
Thymelaeaceae. 

Four distinct lobes of the glands indicate 
the probability of a former tetramerous 
whorl. In the ringed glands, though 
basally fused, their four lobes at the distal 
rim reveal the tetramerous corolla. This 
is also true in the cup-shaped disc of 
Lambertia where cohesion has continued 
to a greater depth. Between the four 
lobes there is a thinning out of the paren- 
chymatous tissue. In Telopea and Hakea 
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where the zygomorphic flower is dominant, 
the semi-circular gland indicates that the 
abaxial or anterior lobe of the corolla was 
suppressed, as evidenced by the trimerous 
condition of the rim of the gland. This 
reduction allows for the anterior position 
of the gynoecium. Due to the great 
compactness of the inflorescence and the 
resultant compression in the ‘cone’ of 
Banksia the petal whorl is reduced to mere 
linear scales, with a meager vascular 
supply in the receptacle only. In the 
more specialized type of flower, reduction 
has caused the obliteration of the entire 
organ, together with its vascular strands 
(Symphonema, Petrophila, Isopogon and 
Conospermum ). Thus the tetramerous 
status of the glands, and their alterni- 
sepalous position support the conclusion 
that the glands represent a modified petal 
whorl. Hence the Proteaceae show a 
phylogenetic reduction of a whorl of petals 
which may have become membranous or 
transformed in its morphology so as to 
affect a secondary role as a nectariferous 
organ. The anatomical results relative 
to the origin of the gland do not support 
the conclusion of Rao ( 1957 ) who believes 
the glands in the Proteaceae evolved as 
a new ‘4-lobed alternitepalous, non- 
vascular organ in connection with secre- 
tion of nectar.” Fisher (1928) and 
Dawson (1938) report that “ there may 
be two types of secretory organs: (1) those 
which have secretory functions but do not 
represent organs ( these have no vascular 
support ). (2) those which depict secre- 
tory vestigial organs and may contain 
vascular tissue or vestiges of them.” The 
nectaries in the former category are 
usually non-symmetrical, and in the latter, 
symmetrical in position. In the Pro- 
teaceae the second category is dominant. 
Most glands assume a symmetrical position 
including those where concrescence occurs 
for some depth. This is true regardless 
of the presence or absence of vascular 
tissue within the gland or the receptacle. 
Fahn (1953) correlates the structure 
of the nectary with the shape of the 
filament. In the species where the 
nectaries are present, the filaments are 
short (most Grevilloideae ), but where 
absent, the filaments are longer and 
much thicker, thus occupying more of the 
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area between calyx and ovary ( Symphyo- 
nema ). 

The glands, discs and scales in the 
Proteaceae can be considered homologous 
to petals in position and in some of the 
scales, in form. Evidence is shown by the 
actual presence of the corolla in Frank- 
landia, by the origin and behaviour of the 
vascular traces in the petal sectors of the 
receptacle, the position of the organs in 
relation to the sepals; the tetramerous 
plan of the whorl, as a gamophyllous 
structure with four lobes, or as four 
distinct entities. Cohesion and adnation 
also verify this conclusion. Though appa- 
rently the perianth is monochlamydeous, 
its anatomical structure points to a 
dichlamydeous ancestor, which has under- 
gone much reduction and much specia- 
lization. The perianth is not a simple one 
but a highly specialized one with both 
sepals and modified petals. 

Anatomical evidence seems to suggest 
that the glands have specialized in two 
distinct lines: (1) by the reduction in size 
of the petals to small leaf-like scales, to an 
obliteration of the organ itself; in a few 
genera this is accompanied by loss of 
vascular tissue within the petal but its 
retention in the receptacle; (2) by the 
gradual fusion of petals to form a distinct 
corolla in Franklandia (adnate to the 
calyx ) which contains large-celled paren- 
chymatous tissue, akin to that of the calyx 
but is delimited from the adnate sepals 
by its contrast in the colour of the staining, 
and the presence of a separating small- 
celled parenchyma layer. In Lambertia, 
the gamopetalous organ is in the form of a 
disk; in Hicksbeachia, Helicia, and Maca- 
damia, the fusion is less extensive but the 
lobate rim is conspicuous; fusion is less 
extensive in Xylomelum; in Telopea and 
Hakea, fusion is most complete, but due 
to zygomorphy, one lobe has vanished 
( Figs. 207-220 ). 

Based upon petal morphology, Banksia 
represents a more primitive type among 
the Grevilloideae, while Telopea and Hakea 
portray the more specialized forms; the 
remainder of examined genera are steps 
in the phylogenetic history. 

Among the Persoonioideae, Franklandia 
is the least specialized; the glandless 
genera (Symphyonema, Isopogon, Petro- 
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phila, Synaphea, and Conospermum ) are 
the most advanced. Persoonia and Aden- 
anthos may be considered intermediate 
stages. Symphyonema culminates the pro- 
cess of reduction. The secretory function 
is a secondarily acquired role. 

_ GynoEcIUM — The simple gynoecium 
is monocarpellate with a single loculus. 
It is a leaf-like organ folded longitudin- 
ally, but the extent of closure of the ven- 
tral margins is variable. Eames ( 1951 ) 
believes the primitive carpel is loosely 
closed. The proteaceous carpel is a rather 
primitive one. Some carpels are open 
basally to the level of the tip of the 
ovary (most Grevilloideae) and then 
again at the stigmatic tips where a 
pollen-collecting apparatus is present. In 
many species the epidermal and vascular 
layers of the involuted margins are clearly 
visible. In some species glandular hairs 
line the free ventral margins of the style 
( Hicksbeachia ). In Grevillea banksii the 
free margins are evident along the style 
but become concrescent in the stigma. 
Transmitting tissue is quite evident. 
Among the twin flowers of the Grevil- 
loideae the adaxial surfaces of the carpels 
face each other but rarely become connate. 
Bailey (1954) described the carpel as 
“open when young in the Winteraceae, 
but may close during development, the 
procedure being upward from the base and 
downward from the apex... The line of 
fusion is adaxial and adjacent to the 
central region of glands.” This is the 
situation in many of the Proteaceae. 
Eames (1931) reported that in the 
primitive carpels of Banksia integrifolia 
“their margins are only slightly fused, 
the epidermal layers of united edges being 
still distinct.” 

The style may be (1) filiform and 
straight, terminal with various shaped 
stigmas, situated either obliquely or 
laterally. The real stigmatic surface may 
be limited to a small point at the end of 
the style or to the center of the disc; 
(2) curved when it is usually accompanied 
by a pollen-collecting device. All evi- 
dence indicates that the open basal portion 
of the carpel is correlated with the presence 
of glands. 

A stipitate ovary is a common structure 
among most of the Grevilloideae and 


353 


Persoonia. This seems to be associated 
also with the presence of glands and the 
ornithophilous mode of pollination. The 
majority of the Persoonioideae develop 
sessile ovaries. 

Fundamentally, the monocarpel is a 
three- or five-traced organ, in which the 
laterals may vary in number from one 
to nine traces on each side of the carpellary 
margins. This increase results from ampli- 
fication of the dorsals, the ventrals and 
the basic laterals. This is very pro- 
nounced in the Grevilloideae and in 
Persoonia and Synaphea. Chute (1930) 
and Eames (1931) believe the three- 
traced condition most primitive, but re- 
duction and amplification have modified 
the status in most dicotyledonous families. 
In Symphyonema and Conospermum 
species, only one trace is retained. This 
from its position represents only the 
dorsal trace. 

The carpellary vascular supply ori- 
ginates in two ways: (1) from the central 
stele of the receptacle directly as in 
most Persoonioideae except Franklandia ; 
(2) from the common sepal gland bundle 
in the receptacle as in most of the Grevil- 
loideae and /ranklandia. The ovules are 
supplied by one of the branches of the 
ventral trace passing through a short 
funicle if present. Because it is generally 
agreed that the multiovular carpel by 
means of reduction and suppression leads 
to the uniovular type, most of the Per- 
soonioideae examined have specialized 
carpels. The Grevilloideae, except Telopea, 
possess two or four ovules. These carpels 
would be considered the more primitive 
because of the greater number of ovules. 
The advanced carpel has resulted from 
the reduction of the many-ovuled one. 
Hence the Persoonioideae carpels would 
be more advanced than those of the 
Grevilloideae. Rao (1957) reaches the 
same conclusion but because of the folli- 
cular fruits considers the Grevilloideae 
more specialized. According to Chute 
(1930) the follicle is more primitive 
than the achene. Both types of fruit 
are found in the Proteaceae. 

In Telopea, four strong ventral traces 
are evident in the base of the ovary, 
only two giving rise to the ovular traces. 
There may be from 4 to 12 or 16 ovules 
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laterally attached to the ovary wall. The 
four ventral traces may indicate that each 
of the two ventrals of the carpel is com- 
posed of two strands primitively. In 
Helicia and X'ylomelum, also four strong 
ventrals are evident but only two ovules 
are developed and the functional ventrals 
are those nearest the carpel margins. In 
other genera, Hicksbeachia, Banksia, and 
Grevillea, where only two ventrals are 
formed, each ovular trace originates from 
a ventral trace, which may represent a 
fused bundle, equal to the original two 
ventrals. In some specimens of Sym- 
phyonema and in Conospermum tenui- 
folium, one ventral only is present but two 
ovules are formed. In the course of the 
passage of carpellary traces through the 
style there is diversity. Some traces 
traverse the entire length, others dropping 
out en route, but in the majority of the 
stigmas, a dorsal and two ventral strands 
persist. In all Grevilloideae examined 
there were no abortive ovules nor evidence 
of vestigial ovular traces which might have 
supplied lost ovules. The reduction in 
the number of ovules seem to have taken 
place from base upward to the tip of the 
loculus. The reduction in the number 
of ovules per flower is correlated with the 
number of flowers in the whole in- 
florescence. Symphyonema with one 
ovule has loose racemes, Telopea develops 
dense racemes. 

Three types of ovules are recognized: 
(1) anatropous which represent the pri- 
mitive type (Stirlingia); (2) amphi- 
tropous which are generally laterally 
attached to the ovary wall and not to 
a well-developed or definite placenta 
( Adenanthos, Synaphea, Hakea, Grevillea, 
Xylomelum ); and (3) the orthotropous 
which may be decidedly pendulous or 
basal (Franklandia, Isopogon, Hicks- 
beachia, Macadamia). The orthotropous 
ovules usually occur singly. The basal 
orthotropous is phylogenetically derived 
from the anatropous type ( Eames, 1951 ) 
as the vascular supply examined reveals 
that the trace descends from ventral trace 
of the ovary wall and penetrates from the 
side and not from the base. The pen- 
dulous ovule from the tip of the loculus 
is derived from marginal placentation 
( Lawrence, 1951). Henslow ( 1888) be- 


PHY TOMORPHOLOGY 


[ December 


lieved that in Beta, as the ovary develops, 
the ovule is carried up so as to become 
pendulous. The author believes that in 
the process of phylogeny, the lower ovules 
were lost and the surviving ones were 
relegated toward the tip of the loculus of 
the ovary. Hakea, Grevillea, and Maca- 
damia show short funiculi. 

The Australian Proteaceae show in the 
carpels an advanced line of development: 
a partial or complete closure of the 
approximated ventral surfaces, the devel- 
opment of a long style, the presence of 
stigmatic crests with glandular hairs. 
The anatomical evidence seems to indicate 
that the carpel is not a primitive con- 
duplicate one, but a modified carpel with 
some sub-marginal ovules, though no 
definite placenta is apparent. The carpels 
of the Persoonioideae show greater ad- 
vancement. 

The reduction of the number of ovules, 
the presence of pendulous, orthotropous 
and basal ovules indicate that the pro- 
teaceous flower is a more specialized one, 
brought about again by reduction of 
organs and vascular skeleton. The great 
number of bundles in the style of the 
majority of species, especially in the 
Grevilloideae, also the open basal carpel 
may be an adaptation for bird pollination 
which is so common in this family. Grant 
(1949) in his studies of the pollination 
systems as isolating mechanisms in An- 
giosperms found that 14 genera of the 
Proteaceae, herein considered, were polli- 
nated by the birds known as the honey- 
eaters. 

ZYGOMORPHY — Two types of zygo- 
morphy exist among the Proteaceae in- 
vestigated: (1) Among most of the Gre- 
villoideae the development of the ob- 
lique receptacle and the unequal forma- 
tion of the glands, no doubt, play a part 
in this lack of symmetry. Puri (1951), 
finds the fusion of parts for depths longer 
on one side than the other is common. 
In the young buds, the calyx is gamo- 
sepalous, but the later development of the 
gland, the carpel with its mature ovules 
and lengthened style causes a separation 
of the two sepals in an antero-posterior 
plane so as to allow for the protrusion of 
the much curved style. The stigmatic 
end is firmly enclosed in the connate sepal 
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tips which are interlocked by special 
toothed cells. This slit-like opening in 
the calyx affords an easier method for 
the honey-eaters and sun birds to reach 
the nectar which is abundant in the 
glands of many of these genera. Stebbins 
(1949, 1951) and Brough (1933) believe 
that this change in symmetry is an ad- 
aptation to ornithophilous pollination. 
(2) Since glands are absent in Cono- 
spermum and Synaphea, the adaptation 
occurs in a different manner. In the 
former genus, one sepal is decidedly 
bilobed and somewhat helmet-shaped; 
whereas the other three have become 
connate but free at their distal ends. In 
Synaphea which is two-lipped, the sepals 
are more spreading above the base but the 
specialized style and stigma aid in the 
pollination. The zygomorphic flowers are 
considered more advanced than the actino- 
morphic ones. Stebbins ( 1949) believes 
that zygomorphy is correlated with axil- 
lary and racemose or spicate inflorescences 
which are dominant among the Proteaceae. 

In the Grevilloideae zygomorphy has 
manifested itself in the glands which have 
become modified by suppression of lobes 
in the anterior position and fusion of 


surviving lobes. The carpel develops 
more or less in the position of the sup- 
pressed) Jobe: In) ‘some of, the’ Per- 


soonioideae, the calyx, the stamens and 
stigmatic surfaces have been altered. 
Zygomorphy is a helpful adaptation to 
ornithophily which is very prevalent in 
this family. 


Conclusion 


This anatomical study has revealed 
definite proof that the flowers of the 
Australian Proteaceae are highly specia- 
lized and exhibit a series in flower modi- 
fication which exemplifies the evolutionary 
tendencies within the family. That the 
flower is a highly specialized one is evi- 
dent. The flower ultimately terminates 
tertiary branches of a secondary branch 
system of a raceme derived probably 
from an ancestral panicle. 

Specialization has been manifested along 
various lines: alternate arrangement of 
branches to opposite or whorled phyl- 
lotaxy, the atrophy of secondary and 
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tertiary branches of the inflorescence 
leading to fewer floral pedicels; the dis- 
appearance of bracts and bracteoles; the 
reduction in length of pedicels and pe- 
duncles; the loss of pedicels and pe- 
duncles, the change of the petal whorl 
from a gamophyllous corolla to scale-like 
organs or to glands and to the develop- 
ment of fleshy free glands to rings or 
partial rings; the reduction of the number 
of lobes in the gland to the entire obli- 
teration of this transformed whorl; the 
cohesion of vascular strands; the reduction 
of the number of ovules from many to one; 
and the presence of pendulous ortho- 
tropous ovules; the presence of pollen- 


collecting devices. All these develop- 
ments indicate specialization through 
reduction. 


This extreme complexity and congestion 
as well as evolutionary reduction has 
undoubtedly resulted from a suppression 
of nodes and internodes, closer aggre- 
gation of rami in some inflorescences with 
the loss of peduncle and pedicels, and the 
glands. Thus evolutionary series are 
evident in the various branching axes of 
the secondary rami, in the glands or 
secretory organs, in the cohesion and 
adnation of vascular skeleton, and in the 
number of ovules. 

In various genera, some parts of the 
flower still retain their more primitive 
characteristics, while other parts have 
evolved more rapidly. Some _ genera 
exhibit the reverse. The primitive char- 
acteristics retained are the woody condi- 
tion of the stems; the three-traced, loosely- 
closed, stipitate carpels; the simple, 
filiform styles; the many ovules; the 
anatropous ovule in a few genera; the 
retention of a reduced corolla, and some 
lateral branches of the secondary axis of 
the rachis in some genera. 

Among the advanced characteristics in 
these species, we can enumerate the sessile 
flowers, zygomorphy, perigyny, the ab- 
sence of normal petals with replacement 
of them by secretory organs with some 
retention of vascular tissue, the trans- 
formation of the corolla, the loss of corolla 
and glands in the so-called ‘simple’ 
flower, complete cohesion of sepals at 
least at their bases, adnation of calyx and 
corolla and of vascular supplies of sepals 
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and stamens, sterility of some stamens, 
complete closure of carpels, one or two 
ovules as compared to many, the develop- 
ment of pendulous orthotropous ovules, 
the reduction or amplification of vascular 
strands in the carpel, and the presence of 
connective appendages. 

In each sub-family organs are advancing 
along some lines but remaining in their 
primitive status in other respects. The 
general evolutionary trend seems to have 
led to apparent simplification through 
reduction, resulting in more complexity 
and compression in the vascular skeleton. 
Reduction parallels specialization ( Steb- 
bins, 1949). Sporne (1951) in his ap- 
proach to the problem of the primitive 
flower considers the advancement index 
of the Proteaceae as 68 per cent, based on 
statistical analysis of floral and vegetative 
characters of families. Chattaway ( 1948 ) 
in her treatise of the wood anatomy of the 
Proteaceae states that some of the Per- 
soonioideae have some variation sug- 
gesting structures in most Grevilloideae. 
Rao (1957) postulates that “ It cannot 
be stated as a generalization that the 
Grevilloideae are more advanced than the 
Persoonioideae.’’ The present writer ap- 
proves of this idea, but she does not agree 
with his statement that the proteaceous 
flower ‘seems to be primitively mono- 
chlamydeous and monochlamydeous by 
reduction.” Anatomical investigation dis- 
closes the fact that on the basis of vas- 
cular supply, the ancestral flower was 
dichlamydeous and reduction has been the 
great factor for apetaly. 


Summary 


The anatomy of the flowers of the 
Australian Proteaceae discloses a number 
of morphological features extending 
through the family which are not wholly 
apparent from macroscopic investigations. 
The flower is highly specialized in an 
advanced stage of reduction. The present 
inflorescences are largely axillary or 
terminal racemes or solitary flowers in the 
axils of the bracts. Evidence reveals 
that the ancestral inflorescence was 
probably a _ panicle. Most secondary 
branch systems of the inflorescence have 
been more or less completely reduced 
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to single or twin flowers, either actino- 
morphic or zygomorphic. Each flower is 
basically composed of a tetramerous calyx 
with epiphyllous stamens. The petal 
whorl is represented by glands, scales or 
discs, which alternate definitely with the 
sepal whorl. The organ has been lost 
phylogenetically in some genera. The 
transformed corolla may or may not be 
supplied with vascular tissue. It has 
become secretory as an adaptation to an 
ornithophyllous mode of pollination. The 
gynoecium is monocarpellate of an ad- 
vanced type. Ovules have been reduced 
from many to one, and they indicate 
phylogenetic development from the rare 
but primitive anatropous type, through 
the amphitropous to the orthotropous 
one. 

Coincident with reduction of the in- 
florescence has gone aggregation of 
branches, suppression of internodes, co- 
hesion and adnation of floral organs with 
loss of vascular tissue. The disappearance 
of lateral branches in the inflorescence is 
evident. 

The flowers afford an excellent example 
of the transformation of organs and the 
gradual reduction of their vascular tissue 
and of the obliteration of the organ and 
its vascular supply. 

The evidence revealed by anatomy and 
comparative morphology indicates the 
family is highly specialized; a fact morpho- 
logy and wood anatomy verify and uphold. 
Whether this family is a primitive one 
with much specialization or a decidedly 
advanced one which should be accorded a 
higher position in the system of classi- 
fication than the Apetalae will be con- 
sidered by further study covering other 
genera. 

The author wishes to express her deep 
gratitude to Dr Arthur J. Eames of 
Cornell University, her former teacher 
and life-long friend, for fostering her 
interest in the Proteaceae and for his 
untiring efforts in collecting represen- 
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Fulbright scholar in Australia. His 
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reading of the manuscript is much appre- 
ciated. 
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EXPERIMENTAL STUDIES ON GROWTHZORTEXEISER 
GRASS EMBRYOS IN VITRO —I. OVERGROWTH OF THE 
SCUTELLUM OF PENNISETUM EMBRYOS 


S. NARAYANASWAMI* 
Department of Botany, University of Delhi, Delhi 8, India 


A wealth of data on the normal embryo- 
geny of many cultivated cereals like maize 
( Randolph, 1936), barley ( Merry, 1941; 
Cooper, 1937), oats and wheat ( Avery, 
1930; McCall, 1934 ) and of several Indian 
millets ( Narayanaswami, 1956) is avail- 
able. It is also known that the general 
course of embryogeny in grasses is the 
same showing only minor variations in 
details. Although valuable knowledge has 
accumulated in the field of embryo culture 


*Present address: 
via Anand ( Bombay ), India, 


during the past few years, information 
on the developmental morphology of the 
embryo in vitro compared to that in vivo 
is still fragmentary. Investigations by 
several authors on the nutritional aspect 
of very young embryos of barley, rye and 
other plants have been in progress for the 
past two decades but there is paucitv of 
more specific data on the influence of the 
various growth substances on embryo- 
genesis. As Ball (1956) has observed, 
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“the morphology and physiology of the 
growth im vitro of the embryo into a 
seedling have not been thoroughly in- 
vestigated ”’. 

I have chosen the grass embryo as test 
material for several reasons. First, 
monocot embryos are known to produce 
a more uniform type of growth in culture 
than those of dicotyledons (McLane & 
Murneek, 1952 ) and, therefore, the former 
lend themselves admirably to investi- 
gations of different kinds. Secondly, 
unlike other embryos, that of the grasses 
is characterized by the possession of 
several organs like the scutellum, cole- 
optile, coleorhiza, etc., the homologies 
of which have been the subject of much 
thought and discussion among botanists 
for many years (see Bennett, 1944; 
Artschwager & McGuire, 1949; Reeder, 
5S Roth 19559) they represent a 
co-ordinated unit of potential meristems 
whose response to growth substances has 
not been adequately explored and the 
knowledge of which is rather cursory. 
Thirdly, apart from the rapidity with 
which embryo excision can be done, 
material can be had in abundance over 
long periods. 

It has been pointed out by La Rue 
(1936) that in maize, growth of the 
cotyledon and epiblast is arrested when 
the embryos are cultured on an agar 
medium. Also, growth im vitro of young 
immature embryos is generally charac- 
terized by a precocious development of the 
shoot and retarded growth of the radicle. 
However, later studies have indicated 
that immature embryos can be made to 
complete their pre-germinal development 
by the use of such substances as casein 
hydrolysate, water extracts of banana, 
tomato juice, etc. Following this idea, 
La Rue (1952) succeeded in inducing 
embryonic growth of scutelli of maize 
to maximum size after excising the root- 
stem axis and culturing them alone on 
White’s medium ( White, 1943) and on 
the same supplemented by tomato juice. 

In any scheme of experimental studies 
on embryo growth in vitro, it was thought 
fruitful and cogent to start with young 
immature embryos known to grow normal- 
ly in culture and subject them to a variety 
of physical and chemical influences in 


order to gain information on their effects in 
altering the course of embryogeny. The 
study of such embryos not only carries 
with it a special interest but may contri- 
bute towards an understanding of the 
younger and less accessible stages 
( Wardlaw, 1954) and sometimes “it is 
possible to approach the ones that are 
harder to grow by using the ones that are 
easier to grow ” (La Rue, 1954). During 
extensive work on aseptic cultures of a 
number of grasses in this laboratory, 
abnormal growth of embryo parts was 
noticed in an experiment as a response 
to treatment with certain purine deri- 
vatives like adenine. The present report 
is one of a series dealing with the morpho- 
logical and histological responses to 
diverse growth substances, of embryos 
excised and cultured in vitro in order to 
explore the chemical factors responsible 
for maximal growth in particular organs 
and eventually to throw light on the 
probable conditions controlling their dif- 
ferentiation. 


Experimental Technique 


A cultivated strain T-25 of Pennisetum 
typhordeum Rich. originally obtained: from 
Agricultural Research Institute, Coim- 
batore, was grown in the University 
Botanical Garden. Embryos were used 
at three stages of maturity: (1) young and 
in the process of differentiation (less than 
1-5 mm long), (2) differentiated but 
immature (1-5-3 mm long), and (3) nearly 
mature (above 3mm). The classification 
of the embryo is based on the morpho- 
logical stage instead of the chronological 
age, as adopted by Abbé & Stein (1954) 
in their studies on maize. Glumes from 
young caryopses were removed and the 
ovaries sterilized with a freshly prepared 
10 per cent solution of calcium hypo- 
chlorite. Embryos were dissected out 
and inoculated under aseptic conditions 
on 10 ml of the culture medium in Pyrex 
vials (50 mm x 25 mm) which were 
plugged with sterile non-absorbent cotton 
wrapped in muslin gauze. Each lot 
contained embryos of about the same size 
and stage of development and were 
selected from the middle one-third of the 
cob, The individual tests were conducted 
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using 25 tubes at a time, each inoculated 
with two embryos. On liquid media the 
embryos were floated although a few 
became drowned accidentally; on agar 
media they were placed on the surface. 
The embryos were so oriented as to keep 
the back of the scutellum in contact with 
the medium. White’s nutrient solution 
was modified by the substitution of 
Nitsch’s trace elements (1951), cobalt 
chloride, ferric citrate, glycine, B-vitamins 
( riboflavin, pyridoxine, nicotinic acid and 
pantothenic acid) with or without addi- 
tion of IAA. Two per cent sucrose was 
used as the carbon source. The medium 
was solidified by the addition of 0-8 per 
cent Difco Bacto Agar and autoclaved 
at a pressure of 18 atmospheres for 15 
minutes. Such a medium supported 
normal growth and was, therefore, used 
as the control. To the basal medium, 
adenine was added in concentrations of 1, 
10, 20, 40 and 60 mg/l and the pH 
adjusted to 5:5-6:0 before autoclaving. 
The cultures were grown in diffuse light 
of the laboratory under a temperature 
range of 28°-36°C. Treated embryos were 
pickled in FAA at various intervals and 
stored in 70 per cent alcohol for later 
examination and microtomy. The sec- 
tions were stained in Haidenhain’s iron 
haematoxylin and also in safranin-fast 
green combination. 


Experimental Results 


Embryos of Pennisetum of near mature 
size showed normal seedling growth when 
cultured on White’s modified solution, 
used as control ( Fig. 1 ). 

Young immature embryos responded 
better to the test chemical adenine than 
the control medium. Remarkable growth 
changes were observed within 5 days of 
incubation. Externally the plumule- 
radicle axis remained short and quiescent 
or showed only slight elongation, whereas 
the scutellum grew to an enormous size 
(Figs. 2, 3). Whole embryos developed 
into an ovoid mass or a sphere with the 
inner margins of the scutellum wrapped 
around the embryonal axis and sometimes 
even, overtopping the coleoptile ( Figs. 7- 
12). Better growth of the scutellum was 
observed in cultures containing 20 and 
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40 mg/l adenine (Fig. 22) than on 60 
mg/l ( Fig. 19) or in concentrations below 
20 mg/l. 
sections 


of young immature embryos | 


incubated on the check medium and on | 


medium containing 20 mg/l adenine | 
respectively. 


The surface of the scutellum was never 


smooth but presented a wrinkled ap- {|}! 


pearance showing ridges and furrows. 
Submerged cultures also showed the same 
phenomenon but to a lesser degree. 
Those on the control medium showed only 
normal scutellum and seedling growth. 
Still younger embryos failed to germinate 
or showed only abnormalgrowth. Proem- 
bryos turned brown and did not survive. 
Embryos were also cultured on media 
solidified by agar in order to investigate 


if the growth of the scutellum was still |} 


sustained in any comparable fashion to 
that in liquid media. A number of | 
variations in embryo growth were ob- 
served depending on the stage of develop- 
ment of the embryo at excision and the 
concentration of adenine. The embryos 
developed into bizarre forms often accom- 
panied by precocious maturation of tissues. 
Young immature embryos and those of 
near mature size developed a massive 
scutellum showing a corrugated surface 
and protuberant masses of tissue were 
formed on the back of the scutellum 
( Figs. 8, 10). Such overgrowths attained 
enormous size but were more localized. 

On adenine ( 40 mg/l) supplemented by 
IAA (2 mg/l) the growth of the scutellum 
was considerably enhanced resulting in a 
swollen mass of tissue in two weeks. 
Deep involutions of the epithelial layer 
caused the scutellum to be cut up into 
lobes of tissue. Some embryos showed 
distinct spurts of growth from the peri- 
phery of the scutellum, the fresh growth 
becoming as large or even larger than the 
original tissue forming a * double-decker ’ 
as it were ( Fig. 4 A). 

Figures 13-16 show masses of tissue 
arising from the outer regions of the 
scutellum but with a stunted coleoptile. 
In treatments of embryos from which the 
coleoptile and the plumule had been 
excised leaving the coleorhiza intact, 
no growth of the scutellum ever occurred 
either in media containing adenine, or in 


Figures 5 and 6 are longi- ||} 


1959] NARAYANASWAMI _— GROWTH OF 


the check medium except a hypertrophy 


of the coleorhiza. But embryos from 
which the coleorhiza (including the 
radicle) was severed with the shoot 


meristem intact showed some potentiality 
for overgrowth from the scutellum al- 
though the growth was neither so uniform 
nor abundant as with intact embryos. 
HISTOLOGICAL FEATURES — Figure 18 
is a longisection of an embryo cultured 
on a liquid medium which contained 


Figs. 1-6 — Fig. 1. 
lowing normal seedling growth. 
edium supplemented by adenine (40 mg/l) 
ie embryonal axis. Sy: 


Embryo of Pennisetum 


I De SAME Be 
lenine (40 mg/l) + IAA (2 mg/l) 
is are marked; A, shows a ‘ double-decker ? 
tured on basal medium. x 25. Fig. 
lenine ( 20 mg/l) 


x Near natural size. red on l 
; note overgrowth of scutellum and inhibition of 
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20 mg/l adenine showing abnormal growth 
of the scutellum as compared to the nor- 
mal shown in Fig. 17. Figure 19 is a 
cross section of an embryo grown for the 
same period on a medium containing 60 
mg/l adenine. In the latter the cells are 
highly vacuolate and enucleated. The epi- 
dermal layer is thrown into a large num- 
ber of folds. The cells of this layer and 


the subjacent few layers are of smaller 
Figure 20 


calibre than those elsewhere, 


6 


grown on modified White’s medium ( control ) 
Figs. 2, 3. Embryos cultured on basal 


Fig. 4. Embryos on basal medium (agar) + 


; tumorization of scutellum and elongation of embryonal 


growth. x 4. Fig. 5. L.s. immature embryo 


6. Median longitudinal face section of embryo grown on 
for two weeks; note necrosis of inner scutellar cells. x 45, 


SES PTE 


> 


Fics. 7-16 — (sc, scutellum; col, coleoptile ). Figs. 7-12. Scutellar Overgrowths of immature 
embryos on liquid adenine (40 mg/l) medium. x 30. Figs. 13-16. Embryos showing overgrowths 
on liquid adenine ( 40 mg/l) + IAA (2 mg/l). x 25. 
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Pies. 17-20 — Fig. 17. L.s. young immature embryo at the time of culture. Fig. 18. Longi- 
dinal sagittal section of young embryo on adenine (20 mg/l) after one week. Bigs 19s Gis: 
ung differentiating embryo on adenine (60 mg/l). Fig. 20. L.s. embryo on adenine (20 mg/l) 


ar medium; the coleoptile has grown out, the coleorhiza is swollen and growth of the radicle is 
ubited. All x 45. 
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represents a longisection of an embryo 
cultured on the same medium solidified 
with agar. Both coleoptile and the 
coleorhiza have grown out but there is 
retarded growth of the radicle. Photo- 
micrographs of cross-sections of an embryo 
from liquid cultures of adenine ( 40 mg/l) 
passing through the regions of the 
coleoptile, the radicle, the coleorhiza 
and the lobate scutellum are shown in 
Bigs. (22-25. +The rentire sbulkworzwine 
tumoroid tissue of the scutellum showed 
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parenchyma cells of uniform size and with 
more or less thickened cell walls. The 
procambial strand of the scutellum never 
penetrated the new tissue nor were there 
any ramifications from the main strand 
which took a course along the inner 
margin of the scutellum. However, the 
beginnings of proliferations from the 
scutellum were observed. Starch grains 
were abundant within the cells except 
those of the peripheral layers. Both 
periclinal and anticlinal divisions were 


__ Figs. 21-26 — Fig. 21. C.s. immature embryo at the time of culture. 
different levels of embryo cultured on liquid adenine ( 40 mg/l ); deep involutions of the epithelial 


Figs. 22-25. C.s. at 


layer result in lobing of scutellum as shown in Fig. 25. 


Fig. 26. Enl d i 
showing surface meristem. All x 22. 5 nlarged portion of outer scutellum 


19597 


confined to the epidermal and sub- 
epidermal layers. Divisions also occurred 
sometimes in all planes cutting off several 
rows of irregularly arranged cells. In 
sections of growing embryos on adenine 
medium, the peripheral layers of the 
scutellum appeared as a sheath of project- 
ing filaments of 3-5 cells each, the terminal 
cell of which was somewhat rounded or 
ovoid (Fig. 26). The cells showed pro- 
minent nuclei and dense cytoplasm and 
had a glandular appearance. 

Involutions of the epidermal layer of the 
scutellum originated by growth taking 
place from several distinct loci; deep 
indentations resulted in the division of 
the scutellum into several lobes each 
ensheathed by a separate epithelium. 
The scutellum wrapped around the 
embryonal axis by marginal growth. 
The cells within the overgrowths under- 
went necrosis leaving large lacunae 
( Fig. 26 ). 

Embryos from which the shoot meristem 
had been removed gave no overgrowth of 
the scutellum on adenine medium but 
showed a hypertrophy of the coleor- 
hiza mostly due to cell enlargement. 
The cells were vacuolate and in a state of 
collapse, and the radicle showed no dif- 
ferentiation. The calyptrogen layer ceas- 
ed to function and the few root cap cells 
already present commenced to disorganize 
in culture. In embryos of the same age 
on the control medium, the root primordia 
remained dormant but alive ( Fig. 5 ). 

Sections of embryos used at the time of 
culture in the several media showed not 
more than 15 layers of cells in the scutel- 
lum (Fig. 21). In embryos grown on the 
control medium the same number of layers 
were present except for slight cell enlarge- 
ment. But in those on liquid or agar 
media containing adenine as many as 
fifty layers could be counted in the region 
of maximum growth ( Figs. 22-24). Pro- 
tuberant masses of parenchyma often 
developed from the inner regions of the 
scutellum by the activity of the cells 
around the procambium. In still others 
there was a considerable elongation of the 
cells of the inner scutellum accompanied 
by a precocious maturation of the cells 
of the procambial strand into scalariform 
or spiral tracheids. In young immature 
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embryos the cells of the scutellum showed 
a differentiation into permanent cells with 
accumulation of abundant starch grains. 
Coleorhizal hairs were present in all the 
subjects treated, as in the control. 


Summary and Conclusions 


The botanist dealing with embryo 
culture is concerned with three main 
problems: (1) to rear hybrid embryos to 
mature seedlings in artificial culture from 
incompatible crosses where the embryos 
abort at an early stage, (2) to hasten 
germination of the embryos which would 
otherwise require a period of dormancy, 
and (3) to study the nutritional and other 
factors involved which would affect the 
morphogenetic processess of embryos. 
The growth factor requirements of the 
zygote have not been fully ascertained and 
form a separate problem. The present 
investigation is concerned with the res- 
ponses of excised embryos of Pennisetum 
cultured on adenine media. Great im- 
portance is attached to this substance 
as a factor in morphogenesis. Embryos 
excised from the confines of the caryopses 
have, therefore, been grown in media 
containing different concentrations of 
adenine and the organ response as re- 
flected in their external morphology and 
internal structure has been recorded. 

Of the many substances adenine is 
known to promote growth of intact leaves 
of Cosmos and of mesophyll tissue in Leaf 
discs of Raphanus ( Bonner & Haagen- 
Smit, 1939). Skoog & Tsui (1951) and 
Skoog. ( 1954) have reported its effective- 
ness in promoting bud formation in 
tobacco callus tissues. Nickell (1955) 
reported that adenine caused a con- 
siderable increase in growth of Lemna 
minor. 

Cultural studies with Pennisetum em- 
bryos have confirmed the effectiveness of 
adenine with exogenous IAA in inducing 
overgrowths of scutellum as protuberant 
masses of tissue or causing the entire 
scutellum to callus. In liquid cultures 
containing adenine such overgrowths were 
repeatedly observed. The scutellum grew 
as tumorous tissue of abnormally large 
size bounded by the epithelial layer and 
forming mounds and depressions on the 
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back. Scutelli of whole embryos in the 
process of differentiation showed an 
optimum growth in a medium with 40 
mg/l adenine. The root-stem axis remain- 
ed dormant. Severance of the coleoptile 
and the shoot apex and retention of the 
coleorhiza alone caused no growth of 
the scutellum although a few cultures 
showed slight proliferation from the inner 
part of the scutellum. This would sug- 
gest the influence of some factor from 
the apical meristem which in conjunction 
with adenine controls the growth of the 
scutellum. 

Adenine (40 mg/l) augmented by an 
external supply of IAA (2 mg/l) caused 
abundant scutellar overgrowths which 
became more or less fleshy. The growth 
of the embryonal axis, was, however, some- 
what inhibited although exceptionally 
some stimulation to growth was observed. 
According to Miller & Skoog (1953) the 
effectiveness and concentration require- 
ments of adenine are closely related to 
IAA and a similar observation has been 
made on the growth of etiolated stem 
segments (Galston & Hand, 1949) and 
epicotyls of Pisum, in vitro (Howell & 
Skoog, 1955). The normal dorsiventral 
ovate-deltoid scutellum of Pennisetum 
grew into bizarre shapes in cultures of 
intact embryos. 

The anatomical changes observed can be 
summarized as follows: (1) there was an 
enormous increase in the number of cell 
layers of the scutellum as compared to 
that 7m vivo or in the control medium; 
(2) the bulk of the tissue consisted of 
parenchyma forming an extensive region 
of uniform isodiametric cells depleted 
of their contents and in a state of collapse 
in prolonged treatments; (3) growth from 
several distinct loci at the periphery of the 
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scutellum resulted in the glandular epi- 
thelial layer being thrown into folds 
thereby serving to increase the absorptive 
area; (4) the folds and indentations were 
deeper at places so that each lobe was 
ensheathed by a separate epithelium; 
(5) the superficial layers were more deeply 
stained and composed of loosely aggre- 
gated cell filaments which could serve as 
new centres of growth by cell prolifera- 
tion; (6) the tumorous tissue growths were 
akin to callus formation and devoid of 
vascular supply; (7) the mature tissues 
within the scutellum were necrosed leaving 
cavities; and (8) the rarity of mitotic 
phases in the cells of the overgrowths 
indicated transformation of the tissue to a 
permanent state. 

Adenine seems to furnish a factor 
which affects embryo growth in causing 
an inhibition of the plumule-radicle axis 
and promotion of growth of the scutellum. 
The growth of intact embryos was much 
more vigorous than of those surgically 
mutilated. An interesting point emerging 
from the present study is that the pro- 
nounced scutellar effect was consistent 
with all Pennisetum embryos but not with 
that of oats, barley and wheat, as my 
observations have shown, in which only 
coleoptilar growth was promoted. Even 
as low as 1 mg/l adenine caused scutellar 
tumors in Pennisetum. The most signi- 
ficant result has been the pronounced 
effect of purines in inducing a callusing 
of the scutellum. 

I am grateful to Professor P. Maheshwari 
for his keen interest and encouragement 
and to the authorities of the National 
Institute of Sciences of India for the 
grant of a Senior Research Fellowship 
during the tenure of which this work was 
done. 
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THE STRUCTURE OF SPINES OF HYMENANTHERA 
AP A 


B. C. ARNOLD 


Department of Botany, University of Canterbury, Christchurch, New Zealand 


Introduction 


Hymenanthera alpina (Oliver, 1944) the 
so-called porcupine plant is a compact, 
wiry shrub, commonly found in exposed 
and stony sites at high altitudes, in asso- 
ciation with stunted vegetation. The 
stout thorns, which project from the 
surface of closely interlocked branches, 


represent transformed shoots in varying 
degrees of modification. A continuous 
integradation of forms can be found from 
the pliant, leafy shoots found in the 
sheltered interior of the bush, to the 
leafless, rigid spines, from the tips of 
which project lignified, dead tissue of the 
xylem and pith. Exposure of internal 
tissues is not characteristic of all thorns 
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however, and a more usual feature is the 
presence of a continuous periderm over 
the thorn apex. 

A microscopic examination of thorns 
was undertaken to determine whether 
there remained any trace of an apical 
meristem or other evidence of growth. 
The outward appearance of thorns is one 
of suspended activity. 


Materials and Methods 


Thorns, leafy shoots, and subterranean 
shoots were collected in the vicinity of the 
University of Canterbury Mountain Bio- 
logical Station, Cass, fixed in Formo- 
acetic alcohol for 24 hours and stored in 
70 per cent alcohol. For embedding, 
material was dehydrated in three changes 
of dioxan ( Johansen, 1940; Carleton & 
Leach, 1938) transferred to a mixture of 
dioxan and benzole in equal volumes, 
cleared in benzole, and infiltrated in 
mixtures of benzole and paraffın. 

As material for microtome sections, 
thorns proved most refractory. Several 
softening agents were tried and found 
unsatisfactory, i.e. 10 per cent HCl, a two 
per cent aqueous solution of sodium 
sulphite, and free chlorine from bleaching 
powder in water (Chamberlain, 1932). 
The two most suitable methods were 
to treat the thorns in a 12 per cent solution 
of cellulose acetate in acetone ( Chamber- 
lain, 1932), or to soak the paraffin block 
in water after exposing the cut end of the 
thorn ( Johansen, 1940 ). 

Safranin and light green was used as a 
general stain. In addition use was made 
of ruthenium red, methylene blue, aniline 
blue, safranin and gentian violet, and finally 
methyl red which Priestley & Radcliffe 
( 1924) used in the detection of suberized 
tissues. 


The Developmental Morphology of 
Leafy and Subterranean Shoots 


Serial longisections and transections 
were made of the growing points both of 
pliant leafy shoots and of subterranean 
shoots which were found occasionally on 
the sides of clay banks exposed by recent 
erosion. The subterranean shoots grew 
sometimes four or five inches underground, 
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but more often were barely below the sur- 
face. The stems, devoid of epidermal hairs, 
were horizontal, leafless, and etiolated, 
with arrested leaf buds occurring at 
regular intervals. Adventitious roots were 
present. 

The apical meristem of leafy and sub- 
terranean shoots is either flat or slightly 
convex (Fig. 1). The outermost layer 
of cells (LI) (Dermen, 1947; Gifford, 
1954), from which the epidermis is 
derived, is characterized by divisions 
which are entirely anticlinal. The cells 
are narrow in longisection (2-5 uw), and 
about 8 u in height. Beneath LJ two 
imperfectly delimited layers are apparent 
in which anticlinal divisions are more 
frequent than periclinal ones. Together 
with LI these two layers might be con- 
sidered to represent a tunica ( Gifford, 
1954) or mantle ( Popham, 1952 ) but the 
stratification is precise only in LI. 

A second recognizable zone is that which 
gives rise to the pith. The crest of this 
dome-shaped region begins some 9 to 12 
cells below LJ. Although the boundaries 
are indistinct, the mass of the area is 
conspicuous by virtue of the numerous 
horizontal divisions. The horizontal walls 
as seen in longisection may be as close as 
2:12 OF Su (RTS IE 

The procambium may be traced back 
to a ring of meristematic tissue which 
crowns the pith-generating dome in the 
apex. The ring also is without sharp 
boundaries and may correspond to the 
“residual meristematic ring” of Helm 
& Louis (see Sifton, 1944). Downwards 
from the unbroken ring, the procambium 
departs as separate strands. 

It may be that the cortex is ultimately 
derived from the two ill-defined layers im- 
mediately below LI but the exact course 
of development was not resolved. 

Mature epidermal cells are nearly cubical 
in shape, and bear non-septate thick- 
walled hairs possessing a narrow lumen. 
In recently formed epidermal cells, minute, 
simple lenticular pits occur, but are no 
longer recognizable after suberization of 
the radial and tangential walls at a later 
stage. No epidermal hairs were found on 
subterranean shoots. 

The cortex in young shoots (and also 
in thorns ) contains about 7 or 8 layers of 


Fiss. 1-4 — (L.I., outer layer of tunica; L.P., lignified pith; L.Pe, lignified pericycle; P., 


eriderm; P.C., procambium; P.P., precursors of pith cells: S.L., suberized leaf primordia: SI 
uberized tissue; X., xylem). Fig. 1. Les. apical meristem of a leafy shoot. Fig. 2. L.s. apex of a 
horn with suberized leaf primordia. Fig. 3. L.s. apex of a thorn with exposed apical meristem. 
‘ig. 4. L.s. tip of thorn enclosed by periderm and devoid of an apical meristem. 


ells as seen in transection. In old stems, — thorns, the only aspect of the cortex which 
ip to 200 layers of cortical cells are found. requires consideration here is the origin 
n connection with the development of of a phellogen in the outer cortical layer. 
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Phellogen activity is preceded by suberi- 
zation of all the cell walls of the epidermis. 
The radial and end walls are infiltrated 
first, and after them the inner tangential 
wall. From here suberization proceeds 
to the sub-epidermal cells. Phellogen 
cells arising in the outer cortex are 
rectangular and narrow. The most 
recently formed phellem cells are similar 
in shape to those of the phellogen and are 
arranged in radial rows. Older phellem 
cells are twisted, extremely thick-walled, 
and heavily suberized. 

The periderm ( which eventually contri- 
butes greatly to thorn formation ) may 
consist of phellogen, phellem, and epi- 
dermis-bearing hairs in younger shoots; 


but in older specimens no trace of 
such hairs is found in the ruptured 
phellem. 


Pericycle fibres begin to differentiate 
some 3,000 & to 4,000 u below LI in leafy 
shoots and lignification of the fibres takes 
place considerably further back. This is 
in marked contrast with the condition in 
thorns. 

Pith cells assume maturity about 100 u. 
below LI, appearing in longisection as 
regular vertical rows of orderly, thick- 
walled, rectangular cells. Abundantsimple 
pits occur on all walls. Lignification 
of pith cells in leafy shoots was found 
as remote as 13 cm behind the growing 
point, and in subterranean shoots ligni- 
fication began about 21 cm from the 
apical meristem. In thorns the situation 
is quite different. 


The Structure and Growth of Thorns 


Thorns are produced by several changes 
in shoot growth — suberization spreads 
from epidermis to leaf primordia and 
ultimately to the surface of the apical 
meristem; the periderm extends towards 
and over the shoot apex; lignification of 
the pith, xylem and pericycle develops 
precociously; leaves are lost completely; 
and in the end there is no trace of the 
growing point. 

To the naked eye a collection of thorns 
which: differ in internal structure may 
appear morphologically similar. Micro- 
scopically, different stages in the progress 
of suberization and periderm formation 
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may be found in thorns which seem quite 
alike macroscopically. 

In a series of thorns, suberization of the 
epidermis can be seen advancing towards 
the apex, closely followed by the extending 
phellogen and accompanied by a sloughing 
of leaves. Loss of leaves near the thorn 
tip exposes the leaf primordia and the cell 
walls become uniformly suberized ( Fig. 2 ). 
At the same time the periderm extends 
over the shoulders of the thorn confining 
the youngest leaf primordia to a small area 
and invading the former sites of the bases 
of older primordia. 

Eventually the outer layer ( LI ) of the 
apical meristem is exposed ( Fig. 3) and 
subsequently undergoes suberization while 
the phellogen approaches more closely. 
In the final stage of spinescence the 
periderm arches completely over the 
summit of the thorn, and no trace of the 
apical meristem is to be found. In its 
place, between the lignified pith and the 
ensheathing periderm, is a mass of paren- 
chymatous tissue showing no particular 
organization ( Fig. 4). 

The lignified pith, xylem and pericycle 
may constitute more than one-third of 
the diameter of the thorn and are largely 
responsible for its rigidity, the pith in 
particular having quite thick cell walls. 
Whereas lignification in leafy and sub- 
terranean shoots is remote from the apex, 
in thorns it extends to within 100 u of LI, 
if it is present, or to within 100 u. of the 
phellogen ( Fig. 4). 

In those thorns in which the periderm 
has failed to cover the tips completely, 
resumption of apical growth may occur 
in spring and is most apparent in the 
addition of non-lignified pith cells in 
columns above the original lignified core. 

The tendency to production of stout 
thorns which lack apical growth is more 
marked in exposed alpine situations than 
in sheltered lowland sites. Specimens of 
Hymenanthera alpina which had been 
transplanted from high altitudes to the 
protection of gardens at 25 feet above 
sea level were covered in leafy shoots 
during summer. In autumn, a copious 
loss of leaves took place, and the shoots 
assumed a lance-like aspect with only 
brown rudimentary leaves sparsely arrang- 
ed on the tapering shoot. While giving 
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the plant a thorny aspect during winter, 
these shoots were quite pliant and resumed 
growth as leafy twigs the following spring. 


Discussion 


The chief determining process in the 
transformation of shoots of Hymenanthera 
alpina into thorns appears to be the 
excessive activity of the phellogen which 
eventually encroaches on the apical region. 
With the closure of the periderm over the 
summit of the thorn, and the loss of the 
organization of the apical meristem, 
terminal growth of the thorn is no longer 
possible. This is the condition found 
particularly under circumstances of ex- 
posure and presumed aridity and is not 
typical of sheltered conditions. 

The much slighter degree of lignification 
and of phellogen activity in subterranean 
shoots, or leafy twigs sheltered in the 
interior of the bush, indicates that some 
feature of the microclimate, in these cases, 
is involved in preventing spinescence. 
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Relative humidity may be the main contro- 
lling factor in thorn formation. It remains 
to be tested experimentally whether con- 
ditions of low humidity promote suberi- 
zation and phellogen activity, and there- 
by elicit the thorny aspect of Hymenan- 
thera alpina. 


Summary 


Hymenanthera alpina is a compact shrub 
characterized by blunt thorns which are 
modified shoots. Rigidity of thorns is 
due to precocious lignification of the pith, 
xylem and pericycle. Suberization of leaf 
primordia and of the surface of the growing 
point is followed by the spread of periderm 
over the thorn tip, and results eventual- 
ly in the disappearance of the apical 
meristem. 

I am indebted to Mr C. E. Foweraker, 
formerly head of the Department of 
Botany of Canterbury University College, 
for suggesting the present topic and for 
his helpful advice and criticism. 
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LEAF SCLEREIDS IN THE TAXONOMY OF THEA 
CAMELLIAS II. CAMELLIA SINEN I ae 


Be Ke TBARUASSTATCHDUFEN 
Indian Tea Association, Tocklai Experimental Station, Cinnamara, Assam 


Masters paper (1844) on the Assam 
tea plant, and his notes appended to sheets 
in the Central National Herbarium, Bota- 
nic Garden, Calcutta, show that he 
attached taxonomic importance to pellucid 
dots ( punctations ) on the leaves of the 
Assam and the China varieties of Camellia 
sinensis (L). Barua ( 1956) made simi- 
lar punctations a character of C. irra- 
wadiensis. In that species the puncta- 
tions were caused by sclereids touching 
both the upper and the lower epidermis of 
the leaf. Subsequently, Wight & Barua 
(1957) stated that typical plants of C. 
sinensis var. assamica ( Masters ) are not 
punctate, but hybrids between that taxon 
and C. irrawadıensis are punctate: these 
authors suggested that punctate tea 
leaves in general are indicative of species 
hybrids. 

Wight & Barua’s suggestion made it 
necessary to know both the location of the 
sclereids in the leaf tissue and the morpho- 
logy of the sclereids, in each of the sub- 
specific forms of C. sinensis. Working 
along these lines Barua & Wight ( 1958 ) 
dealt with the morphology of the leaf 
sclereids of C. irrawadiensis and their 
location in the tissues of the lamina. The 
sclereids of C. sinensis were said to be 
distinct from those of C. irrawadiensis, and 
it was concluded that the presence of 
sclereids of the form-type of C. irrawadien- 
sis, in the leaves of C. sinensis var. 
assamica, is due to introgressive hybridi- 
zation. Appreciable numbers of sclereids 
were found to touch both epidermal layers 
of ‘the leaf in experimental hybrids 
between these two taxa, and there was an 
association between the frequency of 
sclereids of the C. irrawadıensis form-type, 
and the frequency with which a sclereid 
touched both epidermal layers. The 
number of sclereids touching both epi- 
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dermal layers in a typical var. assamica 
plant was negligible. 

In the present paper the morphology of 
the sclereids in sub-specific forms of C. 
sinensis is considered. The type, or 
China variety ( var. sinensis ), the Assam 
variety ( var. assamica), and a Southern 
form previously described by Roberts, 
Wight & Wood (1958), are examined. 
According to these authors, the Southern 
form represents a taxon the holotype of 
which has not been defined. 


Material 


From the three taxa already indicated 
typical plants were chosen for study on the 
basis of floral features found useful for 
classification. It is not necessary to 
describe the floral criteria here, the main 
point being that the plants were considered 
typical regardless of either punctations or 
sclereids. Six plants typified the Assam 
variety: three of them were raised from 
seed collected in the vicinity of Aijal in 
the Lushai Hills ( 24°N, 93°E ), and three 
were raised from the seed of a population 
at Amguri (27°N, 94°E) mentioned by 
Watt & Mann (1903), with origin in the 
Naga Hills. From our knowledge of the 
biochemical investigations at Tocklai we 
have every reason to believe that the 
chemical features of var. assamica des- 
cribed by Roberts et al. would be charac- 
teristic of the var. assamica material 
( Table 3) used in the present paper. 
The sclereids of a representative plant 
( 19/36/15 in Table 5 ) of the var. assamica 
population used by Roberts et al. were 
found to be identical with those in our 
material. To typify var. sinensis six 
plants were taken directly from the China 
population studied by Roberts et al. 
(Table 2) and an inbred plant of an 
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extreme form of var. sinensis. To typify 
the Southern form of tea, eight plants were 
chosen from the two populations studied 
by Roberts ef al. (Table 4). Synopsis of 
the material used in this study is given in 
Table 1. 


Morphology of Sclereids 


THE CHINA VARIETY, VAR, SINENSIS — 
A study of hand sections and macerations 
revealed that sclereids are absent or 
almost so in the China variety ( Table 2 ). 
The small number of sclereids encountered 
range from much elongated, slender bodies 


TABLE 1 — SYNOPSIS OF ORIGINS AND 
NUMERICAL DESIGNATIONS ( STOCK 
NUMBERS ) OF THE MATERIAL USED 
FOR STUDY 
128 Plants raised from seed of an isolated 
population (114) introduced from 
China about a century ago. Studied 
by Roberts et al. ( 1958 ). 
Clone obtained by vegetative propaga- 
tion of one of the plants in the popula- 
tion (114) which gave rise to Stock 
128. Studied by Roberts et al. ( 1958 ). 
7 Plants of the Assam variety ( var. 
assamica) one generation removed 
from a putative seed origin in the 
Naga Hills. 
8 Plants raised from seed collected in 
the Lushai ( Mizo ) Hills, about 250 
miles south of the reputed origin of 
Stock 7. 
Clone obtained by vegetative propa- 
gation of a representative plant ( No. 
15) in the var. assamica population 
(19/36) studied by Roberts et al. 
(1958 ). 
Plants raised from seed imported 
from Indo-China. Referable to a 
Southern form ( holotype not defined). 
Studied by Roberts et al. (1958 ). 
Progeny of 19/22 by open pollination 
on the Tocklai plots. Studied by 
Roberts et al. ( 1958 ). 
A cultivated population representa- 
tive of some of those which are known 
to tea planters sometimes as “ China 
Hybrid ”’, sometimes as “ China’, 
and sometimes placed as var. sinensis 
by botanists. Raised from the seed 
of a population believed to have been 
introduced from China between 50 and 
100 years ago. Clones raised from 
three of the plants ( 14/3/32, 14/5/18, 
14/6/28 ) were studied by Roberts et al. 
(1958), but these plants were not 
included in this investigation. 


114/2 


19/36/15 


19/22 


124 


14 
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TABLE 2 — TOTAL NUMBER OF SCLE- 
REIDS IN LAMINA OF SIX PLANTS 
TYPICAL OF C. SINENSIS VAR. 
SINENSIS ( TOCKLAI STOCK 128) 


(The inbred plant is an extreme form obtained by 
self-pollination ) 


PLANT NUMBER OF TOTAL AVERAGE 
HALF NUMBER OF NUMBER OF 
LAMINAE SCLEREIDS SCLEREIDS 
MACERATED OBSERVED PER LAMINA 
TOGETHER IN THE WHOLE ( FROM 
OF THE COLUMNS 
MACERATED 27083) 
TISSUE 
A 10 0 0 
B 5 13 5-2 
C 5 10 4-0 
D 5 24 9-6 
E 5 18 7:2 
F 5 40 16:0 
Inbred 5 0 0 
plant 


to extensively branched ones which often 
lie crooked when macerated and mounted 
on a slide ( Figs. 1-10). 

The long axis of the sclereid, in this and 
in other forms of tea, is more or less 
parallel to the long axis of the palisade 
cells (Fig. 41). The main body may 
divide at one or both ends into branches 
which extend towards the nearest epi- 
dermis. The upper end of the main body, 
i.e. the one nearer to the upper epidermis 
is mostly undivided and acuminate in this 
variety of tea. Ramifications at the lower 
end are few. Other short and thin 
branches, subsidiary to the main body, 
may be very few or absent. Usually the 
body has a few minute spicules. Some- 
times minute protuberances bulge out 
giving an undulating appearance to the 
outer surface of the wall. The lumen is 
very narrow. The wall is sparsely pitted 
at the widest part of the lumen. Pit 
canals were not seen elsewhere on the body 
up to a magnification of 500 diameters, 
in contrast to the Assam variety in which 
the sclereids are abundantly pitted as will 
be described in the next section. 

Because of paucity of sclereids in the 
leaf of the China variety, Figs. 1-10 are 
based on sclereids removed from several 
plants. The sclereids of plants typical of 
the China variety are long and slender, 


374 


PHYTOMORPHOLOGY 


[ December 


ES 


TABLE 3 — FREQUENCY DISTRIBUTION OF SCLEREIDS IN THE LAMINA OF 
FULLY MATURE LEAVES OF C. SINENSIS VAR. ASSAMICA 


(Data based on transverse sections, 8 mm long and 40 y thick, of four random leaves per plant. The 
number of sections examined per leaf was 60 and 30 respectively for Stocks 7 and 8) 


SOURCE OF MATERIAL PLANT No. OF SCLEREIDS IN CONTACT WITH 
= AN = — 
“Both the Upper Lower Neither 
epidermal epidermis epidermis of the 
layers only only epidermal 
| layers 
114 
Stock 7 ( 240 sections per [ . 5 er 165 
plant ) (ec 0 0 54 134 
Average per cent 0-90 1-44 23-11 7455 
Stock 8 ( 120 sections per { = À 1 i bes 
pleat) 8 1 2 140 135 
Average per cent 0:85 1:93 43:40 53-82 


TABLE 4 — FREQUENCY DISTRIBUTION OF SCLEREIDS IN THE LAMINA OF 
FULLY MATURE LEAVES OF THE SOUTHERN FORM OF TEA 


(Data based on transverse sections, 8 mm long and 40 wu thick, of four random leaves per plant, 
examining 60 sections per leaf) 


SOURCE OF MATERIAL PLANT NO. OF SCLEREIDS IN CONTACT WITH 
PE a 
“Both the Upper Lower Neither 
epidermal epidermis epidermis of the 
layers only only epidermal 
layers 
Stock 19/22 ( 240 sections f = x 2 ae 109 
er plant ) À 0 167 
P tae 0 0 86 109 
Average per cent 0 2:32, 38:18 59-50 
EX 0 2 62 73 
Stock 124 ( 240 sections ee 1 4 40 55 
per plant ) 4 = 0 0 54 52 
| 12 1 4 64 89 
GE 0 0 42 45 
Average per cent 0:34 1-70 44-56 53-40 


with a relatively smooth wall and a very 
narrow lumen. 

THE ASSAM VARIETY OF TEA, VAR. 
ASSAMICA — Fully developed sclereids of 
the Assam variety exhibit a considerable 
range of variation. Some of the forms are 
illustrated in Figs. 11-25. Typically the 
sclereids have a short body, undivided and 


acuminate at the upper end. However, 
some of the sclereids divide at the upper 
end into branches that usually remain as 
minute protuberances. It is usual for the 
lower end to divide into branches which 
may further ramify into a few small 
branchlets. There may be none or very 
few branches subsidiary to the main body. 
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Fıss. 1-35 — Sclereids from macerated mature 
lamina illustrating the range of variation within 
the groups of plants examined in the three taxa 
of C. sinensis (L). Upper ends of sclereids are 
at the top in all figures. 

Fics. 1-10 — Sclereids of var. sinensis (L) of 
which Figs. 3, 8, 10 are typical; Fig. 5 is an 


aberrant form which very rarely occurs. 


0'230 MM, 


Fics. 11-25 — Sclereids of var. assamica ( Mas- 
ters ) of which Figs. 11, 14, 17, 18 are typical. 


All branches arise at some point within the 
spongy mesophyll, and never within the 
palisade parenchyma. 

The main body and its branches carry a 
few small spicules which may pass between 


the cells of the epidermis when in contact 
with it. The body has a thick secondary 
wall and a narrow lumen. The lumen is 
noticeably irregular in the sense that it is 
much constricted, usually at several points 
on the body. A lumen with regular width 
is rarely encountered in this variety of tea. 
Pit canals occur all over the body, more 
frequently where the lumen is wide. 

The sclereids in both the samples of this 
variety were essentially the same, except- 
ing that in the plants from the Lushai Hills 
they appeared to be more abundant and 
more spiculate than in the plants from the 
Naga Hills. In general sclereids charac- 
terized by a short body, thick secondary 
wall, irregular lumen, few spicules, and an 
acuminate upper end are typical of the 
Assam variety of tea. 

THE SOUTHERN FORM OF TEA — 
Sclereids of all plants of the Southern form 
are closely similar. In shape, and in mode 
of branching they resemble the sclereids of 
the Assam variety, but have a longer and 
larger body with more branches, and the 
wide lumen is not constricted (Figs. 26-35). 
Sclereids with constricted lumen are rarely 
found in this form of tea. Pit canals are 
usually absent except in the widest part of 
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Fics. 26-40 — Figs. 26-35. Sclereids of the 
Southern form of tea; Figs. 26, 28, 31, 34 being 
typical. Fig. 29 is an aberrant form. Figs. 
36-40. Unclassifiable forms of sclereids ( Tables 
5, 7) which cannot represent any of the taxa, 
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Fic. 41 — T.s. mature lamina of var. assamica, 
semi-diagrammatic, illustrating orientation of 
sclereids. 


the lumen where they are of infrequent 
occurrence. Cells with incompletely scle- 
rosed walls and a much wider lumen 
( Fig. 29) can be seen occasionally: such 
cells are rare in the Assam variety. 

Compared with the Assam and the 
China varieties, the sclereids of the 
Southern form are generally clothed with 
a larger number of spicules. A similar 
condition was observed by Foster ( 1944 ) 
in the petiolar sclereids of Camellia 
japonica. The spicules of the Southern 
form are often much elongated, resembling 
small branchlets. Such spicules were not 
observed on sclereids of plants chosen as 
representative of the China and the Assam 
varieties of tea. Sclereids of the Southern 
form were characterized by a dense 
covering of large spicules and a broad 
lumen without constrictions. 


Locus of Origin 


Study of the morphology of sclereids of 
the three forms of tea was based on mature 
leaves. It is only in the Assam variety 
from the Lushai Hills that the early stages 
of development of the sclereids were 
investigated. The sclereid initials develop 
from the parenchymatous cells of the 
spongy mesophyll, usually among the 
second to the fourth cells below the 
palisade. No evidence was found of 
sclereids originating in the latter tissue. 
The sclereid initial has a conspicuous 
nucleus and is recognizable in young 
leaves, about five plastochrones after their 
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origin at the apical meristem, as INC 
irrawadiensis. Subsequent development 
of the sclereid is similar to that which 
occurs in the latter species. 

In the zone of the leaf between the 
second and the fourth cell below the 
palisade, the lumen of the sclereid is 
broadest with most pronounced pits on the 
wall. This condition was observed in all 
the samples of the Assam variety and also 
in those of the Southern form. In Olea 
europaea, Arzee ( 1953 ) observed that the 
part of the body where the lumen is 
broadest corresponds to the position of 
initiation of the sclereid. Our investi- 
gations on tea from Lushai Hills also shows 
that the initial as well as the widest part 
of the lumen is located in the same zone 
of the leaf. Although the origin of the 
sclereids was not observed directly in the 
Southern form of tea, the similar locations 
of the wide part of the lumen, in this and 
in the Assam variety, suggests that in 
both instances the sclereid originates in 
the same layers of cells below the palisade. 
Owing to the rare occurrence of sclereids, 
it was not possible to study this aspect 
of sclereid development in the China 
variety. 


Disposition of Branches in Relation 
to Vascular Tissues 


It has been pointed out earlier that all: 
branches of a sclereid in the Assam variety 
and in the Southern form originate in the 
spongy parenchyma. Branches that de- 
velop above and below the zone of the leaf 
between the second and the fourth cells 
immediately below the palisade grow 
towards the nearest epidermis; but 
branches that develop within this zone 
have a strong tendency to grow almost 
parallel to the epidermis. In the sample 
from Lushai Hills, sclereids as well as the 
network of procambial strands are ini- 
tiated in this zone of the leaf. It appears, 
therefore, that the origin of the sclereids 
and the subsequent development of their 
branches are not at random, but are de- 
pendent upon some form of co-ordination 
among the tissues of the leaf. Relative 
proximity to epidermis or vascular bundles 
seems to determine largely the course of a 
sclereid branch in the mesophyll. A 
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similar condition was also observed in 
C. irrawadiensis. 


Frequency of Sclereids 


The China leaf is relatively small, 3-6 cm 
long, whereas leaves of the Assam variety 
and Southern form are respectively 15- 
20 cm and 5-14 cm long. The big dif- 
ference between the absolute number of 
sclereids in whole leaves of the China 
variety and that in only a small number 
of transverse leaf-sections (each 8 mm 
long, 40 u. thick) of the other two forms 
of tea can be seen by comparing Table 2 
with Tables 3 and 4. Table 2 further 
shows that sclereids are totally absent 
in the leaf of the extreme China plant and 
also in one plant of natural origin, sug- 
gesting that the type variety might be 
supposed totally devoid of sclereids. 
Presence of a few sclereids in the other 
plants of the China variety might be due 
to hybrid introgression. 


Distribution of Sclereids 
in the Lamina 


It was pointed in the first paper 
(Barua & Wight, 1958) that the distri- 
bution of sclereids over the area of the 
lamina is important from the point of 
classification of Camellia species. In tea, 
the sclereids are randomly dispersed over 
the lamina, and their distribution relative 
to the epidermal layers is shown in 
Tables 3 and 4. 

The data show that 23 to 45 per cent 
of the sclereids of the Assam variety and 
the Southern form come in contact with 
the lower epidermis, and not more than 
three per cent touch the upper epidermis. 
Of these, less than half the number come 
in contact with both the epidermal layers. 
This is in sharp contrast to C. irrawadiensts 
in which nearly all the sclereids ( 94 per 
cent ) touch the upper epidermis, and as 
much as 76 per cent come in contact with 
both the epidermat layers (Barua & 
Wight, 1958). These observations show 
that, unlike the sclereids of C. 1rra- 
wadiensis which have a strong tendency 
to grow towards the upper epidermis, the 
sclereids of tea do not extend to that 
tissue. The failure of sclereids to touch 


both the epidermal layers has a con- 
siderable bearing on the absence of 
punctations in C. sinensis. The distri- 
bution of sclereids in the Assam variety 
and the Southern form is similar ( Tables 
3, 4). A similar table could not be 
constructed for the China variety owing 
to the rare occurrence of sclereids. 
Absence of punctations, however, leads 
to the deduction that the sclereids in that 
variety also generally fail to touch both 
the epidermal layers. 


Cultivated Hybrids 


The tea crop as cultivated in India 
contains many notably heterogeneous 
populations, some of which can be 
ascribed to crosses between the China and 
the Assam varieties, and some of which 
appear to be species hybrids ( see Wight & 
Barua, 1957). Most of them are known 
indiscriminately to tea planters as “ China 
Hybrid =e Hy bud shinai 7 Hybud 
Assam’ or simply “ Hybrids”. The 
term “ China Hybrid ” used by Wight & 
Barua, therefore, has no special meaning 
but was intended to convey the impression 
that some of the cultivated populations 
that are popularly associated with var. 
sinensis have, in fact, originated by 
hybridization with other species. This is 
borne out by an examination of the 
sclereids in the population ( Tocklai Stock 
14) previously described by Wight & 
Barua (1957). Table 7 gives the fre- 
quency occurrence of sclereids in plants 
of this population, showing that sclereids 
of three forms of tea and of C. irrawadien- 
sts occur in this population. 

Sclereids in experimental F, progeny 
between the Assam and the China varieties 
and their backcrosses make a_ useful 
comparison with those in the hybrid 
population. At the time of writing F, 
progenies (sib-matings ) were not avail- 
able. However, the backcross progenies 
which were available for study throw some 
light on the sclereids in crosses between 
the two varieties of tea. 

Table 5 gives the frequency occurrence 
of sclereids in the experimental F, pro- 
geny, their parents, and the backcross 
progenies. The data show that 3-28 per 
cent of the sclereids in the China parent 
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TABLE 5 — RELATIVE PER CENT FREQUENCY OF VARIOUS FORMS OF 
SCLEREIDS IN THE FIRST GENERATION CROSS AND BACKCROSSES BETWEEN 
C. SINENSIS VAR. SINENSIS AND C. SINENSIS VAR. ASSAMICA 


( Data based on samples of leaf tissue macerated in bulk. Samples were drawn from five leaves each 
of plants 114/2 and 19/36/15, and from one leaf per plant of the remaining cross and backcrosses ) 


SOURCE OF MATERIAL No. oF TAXA WHICH THE SCLEREID-FORMS COULD REPRESENT 
PLANTS — = ; =a) 
SAMPLED var. var. Southern C. irra- Unclassi- 
sinensis assamica form wadiensis fiable 
var. sinensis plant (114/2) 1 74:59 0 0 3-28 2218 
var. assamica plant (19/36/15) 1 0 100 0 0 0 
19/36/15 X 114/2 10 5-15 13-97 0 2-94 77-94 
19/26/15 x F, hybrid plant A 8 28:57 57-15 0 0 14-28 
19/36/15 X F, hybrid plant B 6 20:44 66-42 0 0 13-14 
114/2 x F, hybrid plant C 3 68:59 18-85 0 0 12-56 


TABLE 6— COMPARISON BETWEEN SCLEREID FORM-TYPE AND 
TAXONOMICALLY IMPORTANT CHEMICAL SUBSTANCES IN THEA CAMELLIAS 


[In the margin “TRI”, “A”, and “ IC” vefer respectively to the triglycosides and two unidentified 
chemical substances detected by Roberts et al. (1958) and Wood et al. (1958). Intensities of chromato- 
graphic spots indicated by scale + +++ (very strong ) to ? ( near limit of detectability ) | 


C. SINENSIS 

VAR. SINENSIS 
Sclereids absent or 
very few 


Sclereids slender al- 
most without spi- 
cules 


Lumen almost com- 
pletely closed, more 
or less uniformly 
narrow 


Sclereid not usually in 
contact with upper 
epidermis, sometimes 
in contact with lower 


No disk 


C. SINENSIS 
VAR. ASSAMICA 


Sclereids numerous 


Sclereids stout with a 
few spicules 


Lumen closed in places, 
of irregular width 


Sclereid not usually in 
contact with upper 
epidermis, sometimes 
in contact with lower 


No disk 


GESINENSIS 
SOUTHERN FORM 


Sclereids numerous 


Sclereids stout with 
numerous spicules 


Lumen nowhere clos- 
ed, of irregular width 


Sclereid not usually in 
contact with upper 
epidermis, sometimes 
in contact with lower 


No disk 


C. IRRAWADIENSIS 


Sclereids numerous 


Sclereids stout with a 
few spicules 


Lumen nowhere clos- 
ed, regularly wide 


Sclereid usually in 
contact with both 
upper and lower epi- 
dermis 


Disk present 


CRT pee ? 
A = 


IC 


vu 


are similar to those of C. irrawadiensis. 
This is in agreement with the fact that, 
while in external vegetative parts the 
China parent resembles var. sinensis, its 
punctate leaves indicate introgression of 
C. irrawadiensis. Sclereids of C. irra- 
wadiensis form-type are absent in plants 
otherwise typical of the China variety. 
Table 5 further shows that sclereids of the 


++++ 
+++ ~ 


Southern form do not occur in crosses 
between the China and the Assam varie- 
ties. Thus Table 7 considered along with 
Table 5 indicates that the population has 
had a very mixed ancestry and the plants 
can be regarded as complex hybrids. 
This does not agree with the belief, com- ! 
mon among tea-planters, that the salient — 
features of so-called ‘“‘hybrid’’ popula- 


1959] BARUA & DUTTA—LEAF SCLEREIDS IN TAXONOMY OF THEA CAMELLIAS 379 


————— nn 


TABLE 7 — RELATIVE PER CENT FREQUENCY OF VARIOUS FORMS OF 
SCLEREIDS AND DENSITY OF PUNCTATIONS IN PLANTS OF A CULTIVATED 
POPULATION ( TOCKLAI STOCK 14) 


[ Sclereid data based on samples of macerated tissue from four leaves per plant. Density of punctations 
based on the average of ten leaves and indicated by grade 5 (very dense ) to grade 0 ( absent ) | 


PLANT TAXA WHICH THE SCLEREID-FORMS COULD REPRESENT AVERAGE 
r — À —— —-  PUNCTATION 
Var. sinensis var. assamica Southern C. ivvawa- Unclassi- GRADE 
: form diensis fiable 
A 10:81 11:35 28-11 48-65 1-08 3 
B 41-18 5-88 50:00 2:94 0 0 
Cc 11:68 2:19 84:67 1-46 0 0 
D 9:38 13:67 30:86 42:97 3-12 4 
E 8-82 2:21 72:06 12:50 4-41 2 


tions can always be ascribed to the China 
variety of C. sinensis. On the basis of 
sclereid features, three forms of tea as well 
as species like C. irrawadiensis seem to be 
involved in origin of at least some of the 
so-called “hybrid ” populations found in 
cultivation in India. 


Discussion 


Chemical features of relatively uniform 
and true breeding populations, comparable 
with, or the same as, those from which our 
typical plants were drawn have been 
described by Roberts, Wight & Wood. 
The chemical features, being those of 
bulked shoots, are indicative of an average 
plant. Although a type plant may not 
represent an average, it is, nevertheless, 
considered justifiable, and desirable to 
compare the gross chemical composition 
of populations, as determined by Roberts 
et al., with the sclereid morphology of 
plants taxonomically typical of those 
populations; but before doing this, the 
salient features of sclereid morphology 
will be discussed. Incidentally, it is to be 
noted that there would be little point in 
studying the morphology of plants that 
cannot be considered typical of a popula- 
tion (and they are many ), as the object 
of the present paper is to show that the 
sclereids of a postulated type themselves 
satisfy the type concept. 

The present investigation shows that 
sclereids are abundant in plants of the 
Assam variety as well as those of the 
Southern form. In both of these the 


sclereids are irregular, much branched 
bodies, reminiscent of the stone cells of 
pear, and quite distinct from the dumb- 
bell shaped sclereids of C. irrawadiensis. 
In the latter species the sclereids touch 
both epidermal layers; but, characteristi- 
cally, rather less than half the sclereids of 
the Assam variety and the Southern form 
are in contact with the lower epidermis; 
the contact with the upper epidermis being 
rare. The development of sclereids was 
observed only in the Assam variety: 
where they originate in the upper part of 
the spongy mesophyll. The developing 
sclereids tend to grow downwards, instead 
of upwards as in C. irrawadiensis. In 
general outline the sclereids of the Assam 
variety ( Figs. 11-25) are closely similar 
to those of the Southern form ( Figs. 26- 
35 ) but they differ in some minor features. 
In the Assam variety they have a rela- 
tively smooth body, thick secondary 
wall, and a lumen that is constricted at 
several places. Sclereids of the Southern 
form have a more spiculate body, with a 
wider, unconstricted lumen. However, even 
with typical plants, it is not easy to dis- 
criminate between sclereids of the Assam 
variety and sclereids of the Southern form, 
and with less typical plants discrimination 
might be more difficult. 

In the China variey the lumen of the 
sclereids is almost completely closed, and 
the sclereids are, usually, slender and 
clearly distinct from those of the Assam 
variety and the Southern form, and from 
the sclereids of C. irrawadiensis. The 
sclereids of the China variety sometimes 
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touch the lower, but very rarely the upper, 
epidermis. They are, however, remark- 
ably few in number: for instance there are 
less sclereids in an entire leaf of the China 
variety than in less than five (40 u) 
transverse sections of the leaf of either 
var. assamica or the Southern form 
( Tables 2, 3,4). One wonders, therefore, 
whether the pure China variety should not 
be typified by a plant in which the lamina 
is devoid of sclereids? Some support is 
given to this suggestion by the fact that 
no sclereids could be found in the lamina 
of an extreme form of China plant pro- 
duced by inbreeding. The presence of a 
few sclereids in the rest of our var. 
sinensis, material, or indeed, in most 
material generally available for study, 
could be due to slight hybridity. 

Matings among the sclereid types 
( Table 5), though by no means as com- 
plete as one would desire, show that 
hybridization causes a departure from the 
postulated form-types, with a reversion 
to these forms as a consequence of back- 
crossing. The sclereid forms, therefore, 
seem to be valid as types, using ‘ type’ 
in its correct taxonomic sense of a basic 
form. The incidence of the C. irra- 
wadiensis form-type in Table 5 has no 
special significance, and the small numbers 
of these sclereids could be due either 
to errors of observation or to slightly 
heterozygous material. 

When interpreting Table 5 it is to be 
understood that the sclereid types are, 
in fact, more distinct than appears from 
the figures: for instance, sclereids of the 
Southern form take up much less safranin 
than the others. But the recognition of 
differences much finer than those apparent 
from the illustrations would depend upon 
experience. It is, therefore, likely that 
some of the sclereids regarded by the 
authors as ‘ unclassifiable’ ( Figs. 36-40 ) 
may be placed by other observers in some 
of the empty cells in the table: neverthe- 
less, the points that we have already made 
would still be apparent. 

Typical features of sclereid form-type 
in the taxa investigated in this and the 
previous paper ( Barua & Wight, 1958) 
are summarized in Table 6, where they are 
compared with taxonomically important 
chemical substances described by Roberts 
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et al. Bearing in mind our samples of 
types and the bulk samples drawn by 
Roberts et al., it can be said of populations 
which are, comparatively, both uniform 
and true-breeding, that the sclereid-type 
can be associated with the presence or 
absence, in the population as a whole, of 
triglycosides and two unidentified chemical 
substances. It is, however, to be noted 
that Wood & Barua (1958) have sug- 
gested that typical chemical features dis- 
appear before typical sclereid features in 
backcrosses. Thus a plant or population 
not noticeably hybrid chemically may be 
so morphologically. One or other aspect, 
or both, may be important, depending on 
circumstances. 

It has been explained that the subject 
of sclereid form-type originated in the 
observation that punctations are an index 
of hybridity. It is, therefore, of great 
interest to examine the sclereids of a 
notably heterogeneous population sup- 
posed to be hybrid on the basis of its 
punctations: this is Tocklai Stock 14, 
described as “ China Hybrid ” and tabu- 
lated as ‘‘ Cultivated tea” by Wight & 
Barua (1957). The form-types of scle- 
reids, found in five plants taken from 
the population at random, are shown in 
Table 7. From the multiplicity of form- 
types within plants it can be concluded 
that we are dealing with a hybrid popula- 
tion ( species hybrid ) which seems to have 
originated mainly in the Southern form of 
tea, with an appreciable contribution from 
C. irrawadiensis, and a lesser contribution 
from the China variety. Variation in the 
chemical features of three plants from this 
population (14/3/32, 14/5/18, 14/6/28 ) 
was considered by Roberts et al. to 
agree with the hypothesis of hybrid 
origin. 

Populations similar to Stock 14 are by 
no means uncommon in Indian tea plan- 
tations, where their salient features are 
usually supposed to be those of the China 
variety. A similar belief can be found 
among herbarium workers unfamiliar with 
tea plants in the field; but it is clear that 
the sclereids give no reason for assigning 
any of the plants in Table 7 to the type 
variety as conceived at this Station and 
investigated chemically by Roberts e¢ al. 
Table 7 further shows that the pellucid 
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punctations, on the basis of which the 
population was previously thought to be a 
species hybrid, can be associated with 
sclereids of the C. irrawadiensis form-type. 
It appears that sub-specific forms of tea 
other than var. assamica have probably 
been crossed with C. irrawadiensis; and, 
as the population in Table 7 is reputed 
to be the F, of a population introduced 
from Chinese cultivation in the early days 
of the Indian tea industry, it is possible 
that hybridization of some form of C. 
sinensis with C. irrawadiensis, or a closely 
similar species, may have occurred in 
remote times independently of the pos- 
sible hybridization of var. assamica in the 
Shan States discussed in a previous paper 
(Barua & Wight, 1958 ). 


Summary 


Leaf sclereids were investigated in 
selected plants typical of Camellia sinensis 
var. sinensis, C. sinensis var. assamica, 
and a third infra-specific taxon described 
as the Southern form of tea. Conclusions 
are based on the selected plants. 

Sclereids are abundant in var. assamica 
and the Southern form. They are either 
very few in number or absent in the lamina 
of var. sinensis, and it is suggested that 
this taxon might be considered typically 
devoid of sclereids. 

Between taxa there are differences in 
sclereid form-type. Stout, much ramified, 
sclereids are characteristic of var. assamica 
and the Southern form. The few sclereids 
which are present in var. sinensis are 
slender. There are differences of a lesser 
order between var. assamica and the 
Southern form: in the latter the sclereids 
have a wide unconstricted lumen, but in 


the former the lumen is narrower and 
irregularly constricted. 

In var. assamica, sclereids originate in 
the upper part of the spongy mesophyll. 
A similar origin was presumed for the 
Southern form and for var. sinensis. 
Developing sclereids tend to grow down- 
wards instead of upwards as in C. irra- 
wadiensis. In that species most of the 
sclereids touch both upper and lower 
epidermis, but in tea taxa only about half 
the sclereids touch the lower epidermis, and 
contact with the upper epidermis is rare. 

Breeding experiments suggest that the 
sclereid-forms of the selected plants are 
valid as taxonomic types. In populations 
which are comparatively both uniform and 
true-breeding, the sclereid types could be 
associated with the presence or absence of 
triglycosides and two unidentified chemical 
compounds in the population as a whole, 
as determined in earlier investigations by 
Roberts, Wight & Wood. Reference is 
made to work by Wood & Barua which 
suggested that sclereid-types probably 
persist longer than chemical compounds 
in backcrosses. 

Plants presumed to be hybrids were 
found to contain a mixture of sclereid 
types, the relative frequencies of which 
indicated an intensity of factors probably 
derived from four taxa. It is concluded 
that some of the tea plants originally 
introduced into India from China were 
species hybrids. 

We are indebted to Dr W. Wight for 
valuable assistance with the writing of 
the paper, and for the use of his notes 
on Masters paper. Thanks are also due 
to the Director, Tocklai Experimental 
Station, and the Indian Tea Association 
for permission to publish. 
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DEVELOPMENT OF THE*SHOOT OF’ORYZAZSATEY ZZ 
III. EARLY STAGES IN HISTOGENESIS OF THE STEM ZN 
ONTOGENY OF THE ADVENTITIOUS ROOT 


P. B. KAUFMAN 


Department of Botany and Botanical Gardens, University of Michigan, 
Ann Arbor, Michigan, U.S.A. 


Historical Review: 
Histogenesis of the Stem 
and Adventitious Root in 

Grasses 


The mature grass stem is composed of 
hollow or solid internodes and solid nodal 
regions. At the nodal regions distichously 
arranged leaves and axillary buds (one 
per node } are inserted. In voung vegeta- 
tive plants internodal regions are “ tele- 
scoped’ together, and in proximity to 
the apical meristem, they are hardly dis- 
tinguishable from the nodal regions. 

Several students of shoot morphology 
have applied the terms, “ phyton unit ” 
or “‘phytomer’’, to the “ basic unit of 
structure ” of the shoot, that is, the leaf- 
internode-axillary bud unit. Arber (1930) 
has disputed the validity of the phyton 
concept because of inherent complica- 
tions involved in applying it to shoots 
having spirally arranged leaves. In 
Arber’s own words “this means that in 
general the internode of a monocotyledon 
consists of a single morphological unit, 
while that of a dicotyledon consists of a 
complex of such units. A theory which 
needs so much manipulation before it will 
fit the facts of plant life is an invitation to 
skepticism.” In spite of these comments 
we should not neglect the usefulness of the 
concept for descriptive purposes. The 
analyses of grass shoots by Weatherwax 


(1923, 1930) and by Evans & Grover 
(1940) illustrate the use of the phyton 
concept for presenting a dynamic picture 
of shoot growth. 

Differentiation of the stem into nodes 
and internodes is initiated below the shoot 
apical meristem. Porterfield (1930) 
found that nodal and internodal regions 
were not apparent in the youngest part of 
the bamboo shoot, and he postulated that 
this part of the shoot consists of fused leaf 
bases (actually unelongated internodes ). 
Miltényi (1931), who studied node and 
internode development in several cereals, 
points out that the corpus of the apical 
meristem continues directly into the so- 
called pro-pith zone; that the immediate 
derivatives of the corpus have a diminished 
capacity for cell division and become 
“ stretched ”, stratified, and cytologically 
differentiated from the “cortical meri- 
stem ” (peripheral ground meristem); 
that internodes are initiated below the 
regions of insertion of five to seven series 
of developing leaf primordia; that in 
the youngest internode, in the “cortical 
meristem ”, longitudinally oriented pro- 
cambial strands differentiate. 

Sharman (1942) has presented a lucid 
description of development of internodes 
in the shoot of Zea mays. Where 
young leaf primordia are inserted, peri- 
pheral cells of the axis appear smaller, 
more angular, and more deeply stained 
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than the inner cells. The growth of the 
axis in these regions is at first primarily 
horizontal with only slight elongation 
taking place. In the “ disc of insertion ”’ 
of the fourth leaf from the apical meri- 
stem, cells begin to divide progressively 
more frequently in transverse planes 
(with respect to the axis), producing 
short vertical files of two or three cells. 
This process is first initiated in the center 
of the axis and proceeds centrifugally. 
Later, more vigorous production of files of 
cells takes place in the lower half of the 
“ disc of insertion’”’. This activity brings 
about the formation of the stem inter- 
nodes. 

After nodes and internodes become 
clearly delimited in the grass stem, the 
internodal regions begin to elongate. The 
time and rapidity of elongation largely 
depends upon the photoperiod and the 
age of the plant, and in many grasses it is 
a strikingly sudden process. Usually, 
first formed internodes are ultimately 
much shorter than later formed ones. We 
are concerned here with the histologic 
processes which bring about this inter- 
nodal elongation. Most investigators 

| (Lehmann, 1906; Rôsler, 1928; Miltényi, 
1931; Prat, 1935; Esau, 1953 ) agree that 
internodal elongation in the grass stem 
is brought about by intercalary meri- 
stem activity which, as the rate of in- 
ternodal elongation begins to diminish, 
becomes progressively more localized to 
regions known as joints, usually above and 
in proximity to each nodal “ plate” 
Miltényi (1931) has clearly shown that 
there is a rib meristem zone in each young 
internode, in which repeated cell divisions 
in parallel series of cells and enlargement 
of the derivatives of these divisions largely 
account for internodal elongation. Mii- 
tényi emphasizes that the intercalary 
meristems in internodes of grasses have no 
fixed position or layers, but instead, 
undergo changes in position during the 
course of internodal elongation. Initi- 
ally, the intercalary meristem zone is 
active throughout the internode. After 
lacuna formation, it becomes localized to 
the peripheral ground tissue (cortical 
tissue according to Miltenvi ) of the inter- 
node. Such joint regions retain their 
meristematic potentialities and can become 
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reactivated as evidenced by mature stems 
growing upwards at joint regions after 
lodging. According to Lehmann ( 1906 ), 
as the stem matures, the joint also becomes 
mature and loses its meristematic poten- 
tiality. Sharman (1942) discusses the wide- 
ly held concept of basal intercalary meri- 
stems (joints) in grass stem internodes 
and concludes that in Zea mays such 
meristems are not present. 

Cavity or lacuna development in the 
central regions of stem internodes of 
grasses has been treated in detail only by 
Miltényi (1931). The following are sali- 
ent details of this development. Cells of 
the pith region cease dividing and begin 
to enlarge before the same processes take 
place in the ground meristem at the peri- 
phery of the stem. This unequal growth 
causes tissue tensions in the internode with 
resultant formation of lacunae. Break- 
down of central meristem cells takes place, 
preventing the formation of a central 
ground parenchyma system. The forma- 
tion of lacunae is mechanical (rhexi- 
genous ), for a greater part of it is caused 
by tissue tensions. The tensions are set 
up along two axes: the vertical component 
is represented by the unequal capacity 
for cell division in the “‘ medullary ” and 
“ cortical’ meristems, and the horizontal 
component is represented by “ thickening 
growth’’, 1e. cell division and enlarge- 
ment which bring about increase in dia- 
meter of the stem. The destruction of 
cells is thus a process in which the cells are 
stretched in two directions continuously 
through tissue tensions. The tensions 
change in intensity as a function of devel- 
opmental rhythms set up by external 
growing conditions. In rapidly growing 
summer cereals, there are unipolar lacunae 
which enlarge basipetally, whereas in 
winter cereals, which undergo winter 
dormancy and have a longer development 
period, lacunae are bipolar ( one lacuna at 
each end of an internode ) with the upper 
one enlarging basipetally and the lower 
one acropetally. Golub & Wetmore’s 
studies ( 1948) on Equisetum arvense also 
demonstrated rhexigenous development 
of internodal lacunae. 

The nodal regions of grasses are histo- 
logically differentiated from young inter- 
nodes by the absence of rib meristem zones, 
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and from older internodes of many grasses, 
by being devoid of lacunae. Nodal plates 
are complex because anastomosing vas- 
cular bundles from leaves and internodes 
of the main axis form a complicated plexus 
in these regions. The writer has not en- 
countered any extensive developmental 
studies on nodes of grasses. Sharman 
(1942) has treated nodes of Zea mays 
in his studies on vascularization of this 
plant. 

The vasculature of grass stems has re- 
ceived considerable attention ( Guillaud, 
1878; Chrysler, 1906; Lehmann, 1906; 
Bugnon, 1920a, 1920b, 1920c, 1924; Perci- 
val, 1921; Artschwager, 1925, 1940, 1948; 
Sharman, 1942; Kiesselbach, 1949; Majum- 
dar & Saha, 1956). Bugnon, in one of 
the earliest detailed treatments of this 
subject, revealed that vascular bundles of 
the internode are oriented in a parallel 
and a longitudinal manner, whereas in 
nodal regions, they are oriented transverse- 
ly, forming a complicated network. One 
of the important points that Bugnon 
makes is that foliar procambial strands 
differentiate basipetally into the internode 
to which a given leaf is attached and join 
older foliar bundles in the node just below 
this internode. By way of contrast 
Sharman (1942) points out that in Zea 
mays the procambial strands, which 
differentiate basipetally from the leaf into 
the stem, pass through the internode to 
which the leaf is attached and finally into 
the intercalary meristem zone at the base 
of the internode. He postulates that nodal 
cells have differentiated to such an extent 
that procambial strand development does 
not take place in this zone. After the 
procambial strands have differentiated 
into the base of the internode, they develop 
transversely to form a complex anasto- 
mosis with older bundles (Sharman, 1942). 
Sharman suggests that further basipetal 
differentiation of these procambial strands 
into the next internode is prevented be- 
cause parenchyma cells in the upper 
part of the internode “ have differentiated 
too far to become meristematic ’’ ( Shar- 
man, 1942). 

A detailed treatment of the mature 
vascular structure of a grass stem is found 
in Percival’s studies ( 1921 ) on the stem 
of Triticum. His account was summarized 
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by Esau (1953) with the aid of original 
illustrations. Majumdar & Saha (1956) 
have recently presented the first clear and 
detailed account on vasculature of the 
mature node, internode, and sheath of 
rice. Some of the details on origin and 
course of bundles in the node of Oryza are 
not the same as in Triticum. 

In grasses the seminal root system pro- 
duced by the germinating seedling is com- 
posed of the primary root and several 
adventitious roots ( cf. for definition Esau, 
1953). As the seminal roots mature and 
reach senescence, more adventitious roots 
are initiated in stem internodes and nodes 
and ultimately replace the seminal root 
system. 

I have not encountered any treat- 
ments on the ontogeny of adventitious 
roots in the grass stem. However, there 
is a large body of information on the 
genesis and development of adventitious 
roots in cuttings and intact stems ( Priest- 
ley & Swingle, 1929; Carlson, 1929, 1933, 
1938; Connard & Zimmerman, 1931; 
Wolfe, 1934; Smith, 1936, 1942; Siegler & 
Bowman, 1939; Swingle, 1940; Datta & 
Majumdar, 1943). Several features re- | 
vealed in these investigations should be 
pointed out here: (1) in contrast with 
most adventitious and axillary buds, 
adventitious roots usually have an endo- 
genous origin; (2) the point of origin 
varies with different species, e.g. inter- 
fascicular parenchyma, the so-called peri- 
cycle, or the pith, and consistently occurs 
near regions where there is differentiating 
or differentiated vascular tissue; (3) usual- 
ly, a group of initials is responsible for ini- 
tiation of an adventitious root rather than 
a single initial; (4) the primary meristem- 
atic tissues of the adventitious root pri- 
mordium usually do not become organized 
until after the primordium begins to elon- 
gate toward the surface of the given organ. 
A divergence of opinion is prevalent with 
regard to the process by which an adven- 
titious root grows through the tissues of 
the organ in which it has its inception. 
Priestley & Swingle (1929) favored the 
idea that root emergence is accomplish- 
ed by mechanical rupturing of the tissues. 
Swingle (1940) and Smith (1936, 1942) 
suggest a dissolution type of action in 
cortical cells with resultant “ pocket for- 
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mation ”’ in front of the emerging adven- 
titious root. The writer has not encoun- 
tered any information on the establish- 
ment of vascular connection between 
adventitious roots and the vascular tissue 
of the organ from which the adventitious 
root originates. 

In connection with the time of formation 
of adventitious roots Sharman (1942) 
mentions that in Zea mavs, elongation 
and maturation of tissues of a given phyto- 
mer commence at the tip of the leaf and 
progress basipetally into the sheath and 
the internode to which the leaf is attached. 
This process is terminated by the initia- 
tion and development of a ring of adven- 
titious roots at the base of the internode. 


Ontogeny of Nodes and Internodes! 


Throughout this section I shall be refer- 
ring to nodes and internodes and different 
regions in these basic units of the stem. In 
Fig. 9, my interpretation of these compo- 
nents of the rice stem is presented. 

As seen in transection each internode of 
the rice stem has one central lacuna and a 
peripheral ring of smaller lacunae, two 
cylinders of vascular bundles, a ring of 
subepidermal fibers and a ring of fibers 
associated with vascular bundles, and 
ground parenchyma. Some of these fea- 
tures are depicted in Figs. 1-4. The cen- 
tral and peripheral lacunae are not con- 
tinuous through the nodes and are not 
present in young internodes. The epider- 
mis is uniseriate and composed of silica 
cells, stomata, and long undulate-walled 
cells. The ground parenchyma cells vary 
in their structure. Four to six layers of 
these cells subjacent to the epidermis 
become thick-walled, and lignified, form- 
ing a continuous sclerenchymatous sub- 
epidermal cylinder. An irregular scleren- 
chymatous ring is also associated with the 
outer ring of bundles. Ground parenchyma 
cells between these zones of sclerenchyma 
are relatively small and thin-walled and 
do not become lignified. In interfascicular 
ground parenchyma, which extends from 
the peripheral ring of lacunae to the 
central lacuna, cells become progressively 
larger in the centripetal direction. 


1. For information on materials and methods, 
see first paper of this series ( Kaufman, 1959a ). 
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The most conspicuous differences be- 
tween nodes and internodes are the increas- 
ed number of transversely oriented vas- 
cular bundles and the absence of lacunae 
in the node. At certain levels in a node 
there are leaf gaps (interfascicular 
regions ) connecting the outer ground 
parenchyma with the central ground 
parenchyma ( Figs. 3, 4). It is at these 
levels where alternate bundles, that are 
derived from the leaf sheath attached to 
the given node, diverge inward toward 
the central part of the node. The central 
ground parenchyma cells ( Figs. 14, 17) 
become stellate at maturity. At lower 
levels in a given node the ground paren- 
chyma is interrupted by a ring of fibers, 
which is associated with the outer ring of 
bundles, and transversely oriented pro- 
cambial or vascular bundles ( Figs. 25-35 ). 
Adventitious roots are also conspicuous 
features in the nodal regions. They are 
connected to the peripheral ring of trans- 
versely oriented vascular bundles ( Figs. 9, 
30783290): 

Iodine tests indicate that starch is pre- 
sent in nodal regions in ground paren- 
chyma except in the vicinity of vascular 
bundles. It is abundant in ground paren- 
chyma of older internodes, absent in the 
ground meristem of young elongating 
internodes. Starch largely appears to be 
stored in the nodal plates, being most 
prominent in nodes near the apical meri- 
stem ( Fig. 7). 

Nodes and internodes are not morpho- 
logically differentiated in the youngest 
part of the shoot. The axis appears con- 
tinuous from the corpus of the apical 
meristem to the upper part of the disc of 
insertion of leaf 3 (the first definitive 
nodal ‘plate; cf. Figs. 7, 9). Thesaxis 
tissue below the apical meristem and 
through the level of insertion of leaf 1 has 
fairly vacuolate cells that do not exhibit 
any specific cellular pattern ( Figs. 5, 7; 
also, Figs. 2,3 inpaper I, Kaufman, 1959a). 
The cells contain small compound starch 
grains and have a fairly compact arrange- 
ment. 

At the level of leaf 2 the cells in the axis 
are considerably larger and more vacuo- 
late than those above. Cell division 
activity is rather generalized throughout 
this portion of the axis as well as in leaf 2 


Fics. 1-4 — (CL, central lacuna; F, U-shaped strand of fibers; TA, interfascicular areas: 1VB, 
inner ring of vascular bundles; NR, nodal region; PL, peripheral ring of future lacunae; S, sheaths; 
STI, stem internode; SVB, outer ring of vascular bundles; VB, vascular bundles in two rings ) 
T.s. at different levels through internodes and nodes of stem of living shoot. All x 12-4. Fig. 1 


Internode of stem and sheaths of two leaves. At base of photograph, in outermost sheath, an 
anastomosing commissural bundle traverses a lacuna diaphragm. Fig. 2. Stem internode and sheaths 
of two leaves cut at a level closer to a node than section in Fig. 1; also, in more basal region of the 
internode. Air bubbles have been trapped in a number of the sheath lacunae. Fig. 3. Nodal 
region and two sheaths cut in plane passing through upper part of node and near region of insertion 
of the sheath to which the outer bundles (SVB) pertain. Fig. 4. Node and two sheaths, cut ina 
plane passing through lower portion of node. In outer ring of bundles, alternate bundles are con- 
fronted by interfascicular areas, which may be interpreted as leaf gaps. 
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Fics. 5-8 — (A, undifferentiated portion of stem below shoot apex; AM, apical meristem; 
AB, axillary bud protuberance; CL, central lacuna; 1-4, internode 4; L, lacuna; L-3 to L-5, leaves 
3 to 5; L-5 SB, leaf 5 sheath base; LP-1, LP-2, leaf primordia 1 and 2; N, NP, nodal plate; PC, 

Fig. 5. Median Ls. of portion 


procambial strand; PM, peripheral meristem; RM, rib meristem ). 

of shoot cut parallel with the planes of the leaf blades. Nodal regions are characterized by their 
small starch-filled cells between rib meristem zones of internodes. Leaf axils are located above 
nodal plates, and discs of insertion of leaves include the nodal plates. No nodes and internodes 
ire differentiated below the apical meristem in association with bases of leaf primordia 1 and 2. x 60. 


Fig. 6. L.s. portions of internodes 5 and 6 and of node 6 (NP) from same shoot as in Fig. 5. x 60. 
blades, illustrating 


Fig. 7. Median Ls. of portion of shoot cut parallel with the planes of the leaf 
egions of attachment of leaf primordia 1 and 2 and of leaves 3 and 4. x 90. Fig. 8. Median Ls, 
hrough the insertion region of leaf 5 sheath base and the periphery of internode 5. x 120. 
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which is attached at this level. There 
is little thickening or elongation of the axis 
in this region primarily because of the 
absence of rib and peripheral meristems 
CEISS.95 30/2). 

The earliest evidence of nodal differen- 
tiation occurs below the axil of leaf 3. In 
this region there is a poorly defined plate 
of cells which differ from those immediate- 
ly above and below by virtue of their 
smaller size and greater abundance of 
starch grains ( Figs. 5, 7). This plate is 
interpreted at the node located in the disc 
of insertion of leaf 3, here referred to as 
node 3. Below it is the first well-defined 
internode, designated as internode 3 ( Fig. 
9). In internode 3 the cells are much 
larger and more vacuolate than those 
located above node 3. Rib meristem 
activity first appears in the central portion 
of this internode (Figs. 5, 7). This rib 
meristem consists of short columns of 
cells in which the individual series are 
usually two cells in length. The tissue is 
still fairly compact. The disc of insertion 
of leaf 3 is wider than that of leaf 2 ( Figs. 
5, 9). Correspondingly, internode 3 is 
almost twice as wide as the part of the 
axis associated with leaf 2. In the peri- 
pheral region of internode 3 we find the 
first evidence of peripheral meristem acti- 
vity. This is a meristem in which there 
are repeated periclinal divisions imme- 
diately adjacent tc the protoderm and re- 
peated transverse divisions in the products 
of the periclinal divisions and in layers 
located deeper in the axis. The transverse 
divisions represent a continuation of rib 
meristem activity in the base of the sheath. 
Details of peripheral meristem are shown 
for interncdes 4 and 5 in Figs. 10, 11. 
Certain other types of growth contribute 
to the increase in thickness of internode 3, 
namely development of procambial strands 
and the inception of an axillary bud op- 
posite the median region of attachment 
of leaf 3, that is, in the axil of leaf 4 ( Fig. 
7). There is no evidence of a longitu- 
dinal gradient in cell division or elongation 
activity in the internode at this stage of 
development. 

In node 4 ( Fig. 9 ) the cells are slightly 
larger and possess more starch grains of 
larger size than cells in node 3 ( Figs. 5,7). 
Intercellular spaces are also first evident 
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in this node. The diameter of the starch 
plate in node 4 is about three times that of 
node 3. As seen in longisection, it extends 
from one side of the inner cylinder of 
vascular bundles to the other (Fig. 9). 
Since such plates do not extend into the 
peripheral regions of the stem, the writer 
would consider the outer tissues as being 
parts of the leaf insertion regions ( Figs. 5, 
7). Ininternode 4 ( Fig. 9 ), which occurs 
below node 4, the central ground tissue is 
conspicuously organized into a rib meri- 
stem. This meristem is composed of long 
series of anticlinally dividing, highly 
vacuolate cells ( five to ten in each series ) 
separated by intercellular spaces ( Figs. 5, 
7). The greatly accelerated activity in 
this zone accounts for the greater length 
of internode 4 as compared with internode 
3. The direction of cellular differentia- 
tion in this rib meristem is not apparent 
at this stage of development. In the 
outer part of the internode there is a 
conspicuous peripheral meristem zone, 
as in internode 3, where anticlinal divi- 
sions occur in long series of cells locat- 
ed near the central cylinder of vascular 
bundles and periclinal and anticlinal 
divisions in the subprotodermal ground 
meristem (Figs. 7, 10). In contrast with 
cells in the central rib meristem zone, 
the cells of the peripheral zone are ap- 
preciably smaller and apparently divide 
more frequently (Fig. 7). The peri- 
pheral and the rib meristems bring about 
elongation of the internode. The peri- 
pheral meristem, together with procambial 
strands and an axillary bud, contributes 
to increase in diameter of the internode. 
The still active rib meristem zone of the 
sheath of leaf 4 is continuous with the 
peripheral meristem of internode 4. In 
view of this continuity of meristematic 
activity from the sheath to the base of its 
associated internode, no intercalary meri- 
stem can be recognized in internode 4. 
The nodal plate of leaf 5 has larger and 
and more numerous cells than node 4 ( Fig. 
7). Both nodes have in common conspi- 
cuous intercellular spaces and huge com- 
pound starch grains. In internode 5 a 
central lacuna is initiated in the basal 
region (Figs. 6, 9, 16, 17). The cells 
surrounding this lacuna are larger and 
have fewer starch grains than the cells in 
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Fic. 9 —( ARP, adventitious root primordium; CL, central lacuna; 7-3 to 1-6, internodes 
3 to 6; L-1 to L-6, leaves 1 to 6; LIR, leaf insertion region ; N-3 to N-6, nodes 3 to 6; RM, rib meri- 
stem zone; SA, shoot apex ). Median L.s. of shoot cut in plane parallel with the planes of the leaf 
blades. It depicts nodal and internodal regions in relation to leaf insertion regions. Vascular 
bundles are outlined by means of broken lines. Interpretative details appear in “the texte x 20: 


the upper part of the internode; and stage the rib meristem cells are compara- 


they no longer divide. This implies that tively large, thin-walled and vacuolated, 
cells in the central basal part of the inter- and are partly separated by conspicuous 
node have differentiated earlier than those _ intercellular spaces ( Figs. 5, 7, 15). - The 
n the upper central part, and hence, peripheral ground meristem of internode 
that maturation in the middle part of 5 is remarkably different from the central 
he internode proceeds acropetally. The tissue. The upper part, from node 5 to the 
ipper central part of internode 5 still axil of leaf 6, and from the protoderm to 
hows rib meristem activity. At this the central rib meristem zone, still shows 


FiGs. 10-13 — ( 7-4, 1-5, internodes 4 and 5; L, lacuna; L-6, leaf 6; L-5 SB, leaf 5 sheath base; 
P, protoderm; PC, procambial strands; PD, products of repeated periclinal divisions; PGP, peri- 
pheral ground parenchyma; PM, peripheral ground meristem; RM, rib meristem zone). Fig. 10. 
L.s. through peripheral region of internode 4, showing early stages of peripheral meristem activity 


immediately to left of the protoderm. X 450. Fig. 11. L.s. through peripheral region of internode 5, 
illustrating later stages of peripheral meristem activity. x 450. Fig. 12. L.s. through the peripheral 
ground meristem and part of the rib meristem in the upper half of internode 5 and the base of leaf 


sheath 5. x 90. Fig. 13. L.s. through the peripheral ground parenchyma and part of the rib meri- 
stem in the lower half of internode 5. x 90. 


an active peripheral meristem zone which cf. p. 298 )?. This tissue has much smaller 
is continuous with the intercalary meristem and more densely cytoplasmic cells than 
in the base of the sheath of leaf 5 (with 2. Refers to p- 298, paper II in series ( Kauf- 
reference to sheath intercalary meristem, man, 1959b ). 
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the central rib meristem and is devoid of 
conspicuous intercellular spaces (Figs. 8, 
12). Inthe lower half of internode 5 and 
near the axil of leaf 6, the peripheral mer- 
istem is no longer active. Here, the cells 
are larger and considerably more dif- 
ferentiated than those above. The tissue 
has conspicuous intercellular spaces and 
is of the stellate parenchyma type which 
occurs in the nodal plates (Fig. 13). 
This maturing tissue is continuous with 
and structurally similar to the tissue at 
the base of leaf 6 ( Fig. 12). Thus, the 
upper peripheral part of internode 5, 
which is still engaged in meristematic 
activity, is related to the still relatively 
young leaf 5, whilst the lower half, with 
its maturing stellate parenchyma, is more 
closely associated with the older leaf 6 
than with the younger leaf 5. This rela- 
tionship implies that the direction of matu- 
ration of the peripheral region of the inter- 
node is also acropetal as is that of the cen- 
tral region. 

In node 6 enlargement of cells and 
intercellular spaces results in the develop- 
ment of an aerenchyma (stellate paren- 
chyma). This tissue lies between the 
central lacunae of internodes 5 and 6 
( Figs. 6, 17 ) and is continuous with the 
peripheral aerenchyma of internodes 5 
and 6. The cells are filled with compound 
starch grains, and the walls are separated 
by conspicuous circular intercellular 
spaces (just visible in Figs. 14, 17). A 
large central cylindrical lacuna extends 
through the entire length of internode 6 
(Figs. 6, 9). The ground parenchyma 
cells along the sides of this lacuna are 
highly vacuolate, thin-walled and nearly 
devoid of starch grains ( Fig. 6). In the 
upper part of internode 6, a remnant of 
the peripheral meristem is still active. 

Node and internode 6 were the oldest 
considered in this study. Therefore, in- 
formation on the ontogeny of peripheral 
Jacunae and on the later stages in nodal 
and peripheral ground parenchyma is not 
available. The development of the large 
central lacuna, however, was studied in 
detail. 

THE CENTRAL INTERNODAL LACUNA — 
The initiation of the lacuna in internode 5 
has been described on pp. 317, 318 (see also 
Figs. 6, 9, 17). Immediately preceding 


lacuna initiation, cells in the basal region 
of the internode appear larger, more vacuo- 
late and more irregularly arranged than 
those in the upper region. In contrast 
with the upper cells, they are also devoid 
of starch. Cells at the margin of a devel- 
oping lacuna appear to be fragmented, 
that is, with segments of the wall ruptured 
and extending into the lacuna ( Figs. 6, 
17). Cells adjacent to the fragmented 
ones are thin-walled and highly vacuolate 
and appear to be devoid of nuclei. These 
observations suggest that the development 
of the central internodal lacuna, as well as 
that of the previously described lacunae 
in the leaf, may be interpreted as rhexi- 
genous. Asmentioned previously, succes- 
sively later stages in lacuna formation 
indicate that the central cavity develops 
acropetally in the fifth internode. In 
contrast Miltényi ( 1931 ) reported a basi- 
petal development of the central inter- 
nodal lacuna in summer cereals. 

THE VASCULAR SYSTEM — The vascular 
system of the rice stem may be interpreted 
as a complex of cauline traces and leaf 
traces ( Majumdar & Saha, 1956). In the 
following discussion early stages in the 
development of this system are described 
in connection with given leaves, starting 
from the apical meristem. 

Procambial strands were not recognized 
above and in connection with the leaf 
primordium that develops during plasto- 
chron 1. The median and four lateral 
procambial strands were present in leaf 
primordium 2. As far as could be ascer- 
tained, these strands differentiate acro- 
petally in the leaf and basipetally into the 
axis (cf. Kaufman, 1954, Figs. 54-60 ). 
The interpretation of a basipetal course 
of differentiation is based on the obser- 
vation that during plastochron 2 these 
strands were not discernible below the 
region of insertion of leaf 3. 

Leaf 3 had large and small bundles 
alternating with each other, the majority 
being procambial strands, with a few pos- 
sessing sieve-tube and vessel members 
(Kaufman, 1954). All of these strands 
continued into the axis without any 
marked changes in orientation at the 
region of insertion of leaf 3 ( Figs. 18, 19). 
Thirteen of them occurred in a ring, and 
two, derived from the wings of the leaf, 
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were just outside this ring at the level outwardly toward the ring of alternating 
represented in Fig. 19. In node 4 (the large and small bundles of leaf 4, whereas 
node of leaf 3 was not recognized in this the larger bundles of leaf 4 converged 
material ) just below the axil of leaf 4 the somewhat toward the center. In the re- 
bundles and strands of leaf 3 diverged gion where the bundles of leaf 3 diverged 
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Fics. 14-17 — (CGM, central ground meristem; CL, central lacuna; 1-5, 1-6, internodes 5 
and 6; N-6, node 6; TVB, transverse vascular bundle). Fig. 14. T.s. of an immature nodal plate, 
illustrating central ground meristem cells and conspicuous intercellular spaces of this tissue. x 120. 
Fig. 15. T.s. through central part of rib meristem region of immature internode 5. The ground 
parenchyma formed from this rib meristem ultimately breaks down to form a central lacuna. x 450. 
Fig. 16. T.s. through central region of internode 5, depicting the centrifugally developing central 
lacuna and the highly vacuolate ground meristem cells bordering the lacuna. x 125. Fig. 17. 
L.s. through node 6 and portions of central lacunae in internodes 5 and 6. Tissue of nodal plate is 
differentiating into stellate parenchyma. x 120. 
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Fıcs. 18-23 — (AB, axillary bud prophyll; AXIS, undifferentiated portion of stem below 
hoot apex; /IN-4, internode 4: L-1 to L-5, leaves 1 to 5; NODE-4, node 4, associated with base 
f leaf 4; SA, shoot apex ). T.s. of shoot at following successive levels below section in Fig. 18: 120, 
60, 200, 240, and 280 u. They depict the relative position of vascular bundles, procambial 
trands, and phloem and xylem in the axis and surrounding leaves, L-3 to L-5. All x 60. Fig. 18. 
ection in plane passing through base of shoot apex. Procambial strands of leaf 3 appear black 
a the photograph. Fig. 19. Procambial strands of leaf 3 (darkened ) constitute the vascular 
ystem of the axis at this level. Fig. 20. Vascular bundles at periphery of axis pertain to leaf 4: 
he central ring of darkened bundles pertain to leaf 3. Fig. 21. Section passing through node asso- 
iated with base of leaf 4. Fig. 22. Section at level of upper portion of internode 4. A single ring 
f vascular bundles and procambial strands from leaf 4 (unshaded ) and procambial strands from 
af 3 (shaded ) occur in this internode. The six small procambial strands outside the ring pertain 
> leaf 4, Fig. 23. Section cut through internode 4 just above the insertion region of leaf 5. 
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some of these bundles merged in pairs 
(Fig. 21). The bundles of leaf 3 oc- 
cupied positions alternate with the large 
bundles of leaf 4 at the base of internode 4 
and in node 5. Some of the lateral pro- 
cambial strands of leaf 3 disappeared in 
the axis ( just above node 4 ), and all small 
peripheral strands of leaf 4 faded out in 
internode 4 ( Figs. 19-22). This behavior 
indicates basipetal development of these 
strands. The larger strands of leaf 3 con- 
tinued into node and internode 5 and 
merged with bundles of older leaves at 
various levels. The strands usually be- 
came transversely oriented where they 
merged with other bundles ( Fig. 29 ). 
The course of bundles of successively 
older leaves, as followed from the leaf 
base into the stem, is similar to that of 
bundles of younger leaves. As was indi- 
cated previously, in younger parts of the 
axis certain bundles were still lacking 
because of their basipetal course of differ- 
entiation. The older parts of the shoot 
make possible the recognition of more 
details of the vascular system. In the 
part of the internode that lies above a 
leaf insertion, two cylinders of bundles 
occur: an outer ring of small bundles 
embedded in a continuous ring of fibers 
and a somewhat irregular inner ring of 
large and small bundles ( Figs. 27-30). 
In the leaf insertion region the smaller 
bundles of the leaf continue directly into 
the axis, becoming members of the outer 
ring of bundles in the internode; where- 
as the larger leaf bundles, that alternate 
with the smaller ones, converge through 
the leaf gaps in the outer fibro-vascular 
ring and become oriented in positions 
alternating with the inner larger internodal 
bundles which, on their part, diverge some- 
what toward the outside ( Figs. 30-32). 
The region of the axis where the large 
bundles of the leaf attached immediately 
above converge is, strictly speaking, the 
node of this leaf. In each node and inter- 
node many of the smaller bundles in the 
inner ring become transversely oriented 
and anastomose (Figs. 27-35). Thus 
there is a reduction in the total number of 
bundles in the inner ring ( Figs. 29-32). 
It is important to reiterate that the trans- 
verse orientation of bundles is not limited 
to the nodes strictly defined ( Figs. 27-30, 
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34). A more detailed résumé on vascula- 
ture of the rice node and internode is 
found in the recent paper of Majumdar 
& Saha (1956). 

At the periphery of the outer ring of 
bundles and fibers in young nodes and 
internodes, there is a ring of transversely 
oriented procambial strands ( Figs. 39, 40, 
43). This tissue, first evident in the axis 
at the base of internode 4, anastomoses 
with the longitudinally oriented procam- 
bium of the outer ring of bundles and 
fibers. In older nodes and internodes the 
horizontally oriented procambium differ- 
entiates into vascular elements ( Fig. 43 ). 
The relation of this vascular ring to the 
longitudinally oriented vascular system 
has been treated by Majumdar & Saha 
(1956). In the present work it was 
found to be associated with the origin of 
adventitious roots. 


Ontogeny of the Adventitious Root 


In the rice plant adventitious roots 
arise in both nodes and internodes and are 
usually found in the earlier formed ones. 
Adventitious roots are initiated in ground 
parenchyma cells adjacent to the future 
sclerenchymatous ring associated with the 
outer cylinder of vascular bundles ( Fig. 
36). They are first seen in internode 4 
and node 5 just below the region where 
fiber primordia of the sclerenchymatous 
ring are first formed. 

As was mentioned previously, at the 


periphery of the vascular system in young « | 


nodal regions, and internodal tissue im- 
mediately above these regions, conspi- 
cuous transversely elongated cells occur 
in two or three layers ( Figs. 38-41 ); these 
cells are procambial elements. Some of 
these vascular elements later form the 
vascular connection between the adven- 
titious roots and the vascular system of # 
the main axis (Fig. 43). The adventi- — 
tious roots are first initiated immediately 
above, and hence earlier than this trans- 


. versely oriented procambium. 


The first cells of the root primordium 
appear to be formed by periclinal and anti- 
clinal divisions in a group of ground paren- “ 
chyma cells (Fig. 36). They differ from ad- — 
jacent ground parenchyma cells by virtue 
of their smaller size and denser cytoplasm. 
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Figs. 24-29 — (AB, axillary bud; ABI, insertion region of axillary bud; ABPS, procambial 
trands from axillary bud; F, strand of fibers at phloem of vascular bundle in Fig. 24, almost con- 
uous ring of fibers in Fig. 25; IN-4, IN-5, internodes 4 and 5; L-6, sheath of leaf 6; LI, lacunae 
1 sheath of leaf 6; NODE-5, node 5, associated with base of leaf 5; TPC, transversely oriented 
rocambial strands ). Sections continuing the series depicted in Figs. 18-23 at following successive 
vels below section in Fig. 18: 360, 400, 480, 520, 560 and 720 u. Fig. 24. Section cut through upper 
art of internode 4. Strands from leaf 3 are shaded. x 60. Fig. 25. At this level of internode 4 
1 almost continuous ring of fibers is associated with large bundles of leaf 5. x 60. Fig. 26. Section 
ıssing through node 5 and insertion region of an axillary bud. Small procambial strands of leaf 5 
e included in the nearly complete ring of fibers; large bundles of same leaf are members of inner 
ng of bundles. x 55. Fig. 27. Section passing through upper part of internode 5. x 55. Fig. 28. 
ction passing through central region of internode 5. x 35, Fig. 29, Section at level of upper part 

insertion region of leaf 6, x 35, 
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Fics. 30-35 — ( AB, insertion region of axillary bud; ARP, adventitious root primordium; CL, 
central lacuna; /IN-5, IN-6, internodes 5 and 6; NODE-6, NODE-7, nodes 6 and 7, associated with 
bases of leaves 6 and 7 respectively ). Sections continuing the series depicted in Figs. 18-29 at 
following successive levels below section in Fig. 18: 880, 1040, 1160, 1560, 2130 and 2450 u. Fig. 30. 
Section through basal part of internode 5 and upper part of region of insertion of an axillary bud 
on the axis. Adventitious root primordia appear at this level. x 35. Fig. 31. Section through 
node 6. x 35. Fig. 32. Section through uppermost part of internode 6. x 33. Fig. 33. Section 
through central part of internode 6. 
bundles derived from leaf 5. x 33. Fig. 34. Section through base of internode 6 below region 
of insertion of leaf 7. A comparison with Fig. 33 reveals a reduction in the total number of 
vascular bundles in the inner ring as a consequence of merger of bundles. x 25. Fig. 35. Section 


through node 7. Large bundles of leaf 7 appear in gaps of the ring composed of small vascular 
bundles and fibers, x 25, 


Large bundles of leaf 6 are intercalated between large | 
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They form a group of cells two to three 
layers deep radially and several cells wide 
tangentially ( Fig. 36). 

Shortly after the adventitious root is 
initiated, two layers of rootcap initials 
become evident near the edge of the pri- 


Fics. 36,37—(ARI, adventitious root initials, 
cells marked with ‘‘\/’’ marks in Fig. 36, rootcap 
cells in Fig. 37; GM, ground meristem tissue; 1, 
two large cells, the initials of the protoderm and 
cortex; Si, fiber initials of sclerenchymatous 


ring; “c’’, central cells below cortex; “||”, 
cortex cells; ‘‘x’’, protoderm cells). Fig. 36. 
T.s. through part of internode 4, depicting initia- 
tion of an adventitious root at periphery of 
the vascular system. x 540. Fig. 37. Median Ls. 
through a young adventitious root at stage 
when tissue regions are becoming delimited. 
| No adjacent ground meristem cells are depicted 
ip the drawing. x 855. 
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mordium, probably resulting from peri- 
clinal divisions in the outermost layer 
(Fig. 38). Further periclinal divisions 
contribute new layers of cells to the root- 
cap (Fig. 39). Anticlinal divisions cause 
an increase in width of the rootcap. The 
peripheral transverse procambium of the 
main axis, mentioned previously, develops 
at this time. 

Between the transverse procambium and 
the two rootcap layers lies a still relatively 
unorganized group of anticlinally and peri- 
clinally dividing cells (Fig. 38). The 
outer cells of this group ( next to the root- 
cap initials ) become organized into a layer 
in which periclinal divisions occur in all but 
one or two centrally located cells ( Fig. 37 ). 
The centrally located cells divide only anti- 
clinally and begin to function as initials of 
the protoderm-cortex zone. -It should be 
emphasized that the first protoderm and 
cortex cells are formed before the initials 
of these regions begin to function. The 
core of cells delimited internally from the 
protoderm-cortex zone is the precursor of 
the central cylinder ( Fig. 39). 

Periclinal and then repeated anticlinal 
divisions in the young rootcap account for 
the establishment of one, then two and 
finally several continuous peripheral layers 
( Figs. 37-43). These divisions become 
most frequent in the innermost part of 
the rootcap zone, which can now be inter- 
preted as calyptrogen (Fig. 42). When 
the protoderm-cortex initials begin to 
function, they divide anticlinally, adding 
to the initially established protoderm- 
cortex zone. In these immediate deriva- 
tives of the initials, periclinal divisions 
bring about delimitation of protoderm and 
cortex regions (Figs. 40, 42). In the 
mass of cells subjacent to the cortex poorly 
defined initials of the central cylinder are 
formed just below the initials of the proto- 
derm and cortex. These divide both 
anticlinally and periclinally, the deriva- 
tives of which form more or less parallel 
series of cells ( Figs. 37, 39-43 ). 

At the surface of the advancing tip of 
the adventitious root primordium in the 
peripheral region of the ground paren- 
chyma a dark layer of obliterated paren- 
chyma cells is evident (Fig. 42). The des- 
truction of these cells appears to be the 
result of a mechanical process. This does 
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not negate the possibility of the occurrence As the adventitious root primordium 
of enzymatic digestive processes, for occa- elongates through the ground parenchyma 
sionally lacunae have been found in asso- of the parent axis, the rootcap becomes 
ciation with advancing root primordia. more clearly differentiated. Along the 
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Fies. 38-41 — ( AMP, cells representing precursors of apical meristem; AR, young adventitious 
root; ARP, adventitious root primordium; CC, central cylinder zone; F, young fibers associated with 
peripheral ring of vascular bundles; GM, ground meristem; PC, transversely oriented procambial 
strands; P-C, protoderm-cortex zone; RC, rootcap ). Fig. 38. T.s. through young VE showing 
part of vascular system (at left below ) and a recently initiated adventitious root primordium, 
x 520. Fig. 39. Section similar to that in Fig. 38 but showing a later stage in development of an 
adventitious root. x 520. Fig. 40. Median l.s. of young adventitious root illustrating relation of the 
root to the vascular system and ground meristem of the stem (t.s.). X 260. Fig. 41 “Section similar 
to that in Fig. 40 but showing a slightly older stage in development of adventitious root. X 260 3 
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bowl-shaped calyptrogen, cells 
repeatedly in periclinal planes. 
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Fics. 42, 43 — (C, cortex; CC, central cylin- 
der; CT, calyptrogen; GP, ground parenchyma 
of aerenchyma type; /, initials of protoderm- 
cortex zone; P, protoderm; PC, pericycle in 
Fig. 42, procambial connection between main 
axis of shoot and the root primordium in Fig. 43; 
RC, rootcap). Fig. 42. Median Ls. of a young 
adventitious root, illustrating distinct cellular 
patterns exhibited in the rootcap, cortex and 
central cylinder. Three cells appear to be apical 
initials of the protoderm-cortex zone. x 500. 
Fig. 43. Median 1.s. of an older adventitious root, 
showing procambial connection between the 
main axis of the shoot (1.s.) and the root pri- 
mordium. x 70. 
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vity is pronounced at the center of the 
calyptrogen and diminishes at the flanks. 
The derivatives enlarge rapidly, become 
highly vacuolate, and become oriented in 
several distinct layers at the periphery of 
the rootcap (Fig. 43). Cells along the 
flanks divide in anticlinal planes, adding 
new cells to each of the layers as the root 
primordium enlarges. 

The protoderm is a uniseriate layer 
which is distinguished with difficulty from 
the outermost cells of the cortex because 
of the similarity in size and cytology of 
cells in the two regions. Protodei rınal 
derivatives of the protoderm-cortex ini- 
tials continue to divide anticlinally and 
bring about extension of this layer ( Fig. 
42). Whereas the first cortical deri- 
vatives divide periclinally, later, anticlinal 
divisions become predominant, resulting 
in the formation of longitudinal series of 
cells which contribute to growth in 
length of the adventitious root ( Figs. 42, 
43 ). 

The central cylinder of the adventitious 
root primordium is clearly delineated from 
the cortex, primarily because of the differ- 
ence in orientation of cells in the two 
regions ( Fig. 42). The pericycle is estab- 
lished early at the periphery of the central 
cylinder as a uniseriate layer ( Figs. 40-42). 
The internal cells of the central cylinder 
become arranged in more or less parallel 
series (rib meristem), but they do not 
exhibit the uniform pattern that charac- 
terizes the cortex (Figs. 42, 43). The 
internal cells enlarge rapidly and gradually 
become more vacuolate. 

During later stages of adventitious root 
development peripheral cells of the central 
cylinder subjacent to the pericycle show 
direct continuity with transversely ori- 
ented procambial cells in the plant axis 
( Fig. 43). In successively older adventi- 
tious root primordia periclinal divisions and 
elongation of the products of these divi- 
sions occur in the periphery of the central 
cylinder at successively higher levels, i.e 
toward the root apex ( Figs. 39, 41, 43). 
This sequence suggests an acropetal differ- 
entiation of procambium from the parent 
axis into the primordial adventitious root. 
Differentiation of the vascular tissues in 
the adventitious. root was not investi- 
gated, 
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RELATION BETWEEN HISTOGENESIS AND 
SHOOT ORGANIZATION — Studies on stem 
development in the rice plant imply that 
initial ground tissue differentiation. pro- 
ceeds acropetally in the young internode. 
This contrasts with reports on other 
grasses that differentiation proceeds basi- 
petally in the grass internode (Evans & 
Grover, 1940). Acropetal differentiation 
in the rice stem is suggested by the method 
of formation of the central lacuna and the 
development of the peripheral meristem in 
the internode. Differentiation in the peri- 
pheral meristem proceeds acropetally dur- 
ing plastochrons 4, 5 and 6. The central 
lacuna is initiated at the base of an inter- 
node, usually during plastochron 5, and 
differentiates acropetally during plasto- 
chrons 5 and 6. This observation con- 
trasts with the conclusions of Miltenyi 
(1931) who suggested that unipolar lacuna 
development proceeds basipetally in sum- 
mer growing cereals. Certainly no gene- 
ralization can be made until a broad com- 
parative survey of internodal differentia- 
tion is undertaken in many genera of the 
Gramineae. 

In the literature review on nodes and 
internodes the phyton concept is discussed. 
Weatherwax’s (1923) interpretation of this 
concept with reference to Zea mays and 
Evans & Grover’s ( 1940 ) application of it, 
in the sense of Weatherwax (and super- 
imposition upon it of the concept of inter- 
calary meristem ), to grasses in general are 
not compatible with the observations on 
early development of nodes and internodes 
of the rice shoot. Salient discrepancies 
are as follows: (1) it is extremely difficult 
to define the leaf and the internode asso- 
ciated with it as a distinct morphological 
unit; critical study of young rice shoots 
reveals that the node, interpreted as the 
region of insertion of a leaf, includes not 
only the nodal plate but also the base of 
the internode above; that is, the internode 
associated with the next higher leaf; 
(2) the young internode clearly differen- 
tiates acropetally, and the intercalary 
meristem becomes progressively localized 
to the upper part of an internode. In the 
mature rice stem the phyton concept, as 
visualized by Weatherwax ( 1923 ), can be 
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applied without difficulty. Obviously the 
essence of the matter is this: the phyton 
concept has been applied to the leafy 
shoot without reference to the stage of 
shoot development. As far as the writer 
is aware, this concept has been developed 
principally as a consequence of studies of 
mature shoots. Nevertheless, many mor- 
phologists have used it as a basis for mor- 
phologic interpretation of the leafy shoot. 
The concept without doubt has limited 
usefulness in that it cannot be applied to 
the mature shoots of all plants ( as pointed 
out by Arber, 1930 ), and there is evidence, 
at least for rice, that it is not always appli- 
cable to undifferentiated parts of the shoot. 
Wardlaw (1952) points out that the 
phyton concept, though perhaps of value 
for descriptive purposes, is artificial in 
that it does not take into consideration 
important data on physiology and em- 
bryology. 


On the basis of ontogenetic studies on | 


rice the writer favors the idea of Wet- 
more (1943) on leaf-stem relationships: 
‘,,. one can do no more than suggest the 
possibility that Angiosperms have a shoot 
system, potentially both cauline and foliar, 
in which ordinarily the leaves possess a 
dominant and the stems a minor ‘influ- 
ence’ on development, but in which on 
occasion the stem may hold the major rôle 
and the leaves a minor though necessary 
one.” The young vegetative stem of rice 
appears as though composed of superposed 
leaf bases. Later, nodes and internodes 
become clearly delimited during a relative- 
ly short period, and internodal elongation 
separates the leaf bases. On the basis of 
these observations the leaf can be inter- 
preted as playing a major role in shoot 
development and the stem a minor one in 
the rice plant. 

ORIGIN OF ADVENTITIOUS Roots — 
Adventitious roots arise in close proximity 
to differentiating vascular tissues with the 
exact locus of initiation varying in differ- 
ent plant parts and according to stage of 
development of vascular tissues; e.g. in- 
terfascicular parenchyma, vascular rays, 
vascular cambium, or the primary phloem 
( pericycle according to many workers; 
cf. Esau, 1953). In rice, adventitious 
roots arise in close proximity to trans- 
versely oriented procambium located at 


1959] 


the periphery of the vascular system in 
nodes and internodes, which agrees with 
the principle ennunciated above. The 
exact locus of initiation is the ground 
meristem (called cortex by some investi- 
gators). The organization of the apical 
meristem occurs very soon after initiation 
of the adventitious root, even before there 
is any appreciable centrifugal development 
of the primordial root through the ground 
meristem of the axis. The architecture 
of the apical meristem of the adventi- 
tious root in rice is similar to that in 
maize (Esau, 1953) and wheat ( Hay- 
ward, 1938). 

RESUME OF SHOOT DEVELOPMENT IN 
THE RICE PLANT — In order to give a uni- 
fied picture of shoot development in the 
rice plant the data on leaf and stem onto- 
geny are summarized according to succes- 
sive plastochrons. Information on the 
shoot apex is mentioned as it pertains to 
stem and leaf development. 

Plastochron 0 — A leaf primordium is 
initiated at the side of the shoot apex by 
divisions in anticlinal and periclinal planes 
in the tunica. 

Plastochron 1 — The primordial leaf, a 
centrifugally growing crescent-shaped pro- 
tuberance, gradually becomes a collar-like 
structure which progressively extends from 
its region of inception around the shoot 
apex. This activity results from nume- 
rous periclinal and anticlinal divisions in 
derivatives of the tunica and corpus 
of the shoot apex. Late in this plasto- 
chron the protoderm and ground meristem 
become delimited in the primordium. No 
definable internode pertaining to this pri- 
mordium is evident in the axis. 

Plastochron 2 — The leaf primordium 
gradually forms a cowl over the shoot apex. 
Thus, a clearly bifacial appendage with 
abaxial and adaxial surfaces becomes 
manifest. A more rapid rate of cell division 
on the abaxial side of the primordium 
brings about this acroscopic curvature. 
Marginal meristem activity initiates wing 
development in the leaf primordium. The 
wings begin to encircle the shoot apex 
but do not overlap until the next plasto- 
chron. The leaf primordium elongates as 
a result of apical growth ( initiated during 
plastochron 2) and generalized meriste- 
matic activity throughout the protoderm 
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and ground meristem. A median pro- 
cambial strand appears in the primor- 
dium during this plastochron, and usual- 
ly several lateral strands differentiate in 
the wings toward the end of the plasto- 
chron. 

In the stem tissue associated with leaf 2 
no discrete node and internode are ascer- 
tainable. The axis appears cytohistologic- 
ally continuous from the shoot apex to 
the region of insertion of leaf 3, although 
there is a subtle increase ( basipetally ) in 
vacuolation of axis cells in this region. 
No adventitious roots or axillary buds 
are evident in the axis during plasto- 
chron 2. 

Plastochron 3 — Early in this plasto- 
chron, ligule and auricles are initiated, 
delimiting the short basal region of the 
leaf (the future sheath ) from the much 
longer upper segment (future lamina ). 
According to the writer’s terminology the 
leaf is no longer a primordium, but a young 
leaf. Continued activity of marginal meri- 
stems in the young leaf causes the wings to 
overlap on the side of the axis opposite the 
median region of the leaf. Apical growth 
of the leaf is terminated during this plas- 
tochron as evidenced by cessation of cell 
division, rapid increase in vacuolation, and 
formation of trichomes at the tip of the 
leaf. In the ground meristem of the 
future lamina midrib, a rib meristem be- 
comes active. In the lamina wings plate 
meristems are organized and bring about 
extension of the wings. In the adaxial 
part of the lamina midrib an adaxial meri- 
stem is organized, which accounts for 
radial enlargement of this part of the leaf. 
Late in this plastochron, ground meristem 
cells in the sheath become organized into 
adaxial and rib meristem zones. In the 
ground meristem of the young leaf pro- 
cambial strands differentiate acropetally 
in positions alternating with earlier formed 
vascular bundles. Protophloem and pro- 
toxylem differentiate acropetallv in the 
older strands, the protophloem consistent- 
ly ahead of the protoxylem. In the part 
of the axis associated with leaf 3 a delimi- 
tation of node and internode regions be- 
comes perceptible. A conspicuous trans- 
verse zone of small starch-filled cells 
appears in the disc of insertion of leaf 3 
(node 3). A prominent rib meristem 
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zone first appears in internode 3. Its 
activity accounts for initiation of elonga- 
tion in this part of the axis. Adventitious 
roots have not been found in the internode 
or node during plastochron 3. 

Plastochron 4 — This period is charac- 
terized by striking elongation of the lamina 
and rapid extension of the wings of lamina 
and sheath. Meristems which are active 
in the development of the leaf include the 
plate meristem of the lamina wings; rib 
meristem of lamina midrib and central 
region of sheath; adaxial meristem of 
lamina midrib, central region of sheath, 
and sheath wings; and marginal meristem 
of sheath and lamina wings. In the lamina 
the basipetal progress of maturation con- 
tinues. Toward the end of the plasto- 
chron, discrete horizontal regions with 
actively dividing cells become apparent in 
the uppermost part of the lamina midrib. 
Cell enlargement predominates above and 
below these regions. These loci of localized 
meristematic activity are the future dia- 
phragms between the lacunae. Their 
direction of differentiation is basipetal. 
Auricles and ligule begin to enlarge rapidly, 
primarily by cell division activity. Tri- 
chomes are initiated from the protoderm, 
and procambial strands appear in the 
ground meristem of the auricles. Cells in 
the various meristems of the sheath ac- 
tively divide throughout plastochron 4. 
Therefore, this part of the leaf appears 
meristematic from the ligule region to the 
base. 

The internode has a conspicuous rib 
meristem in the central part and a peri- 
pheral meristem in the outer region. This 
rib meristem and the inner part of the 
peripheral meristem bring about a rapid 
elongation of the internode. The outer 
part of the peripheral meristem, together 
with enlarging cells in the central part of 
the internode. accounts for increase in 
diameter of the internode. The central 
part of internode 4 manifests earlier 
cellular differentiation than the peripheral 
part. The nodal region concomitantly 
thickens considerably. The central part 
consists of a plate of starch-filled cells 
which divide before differentiating into a 
stellate parenchyma tissue. Adventitious 
roots appear in the axis at the base of the 
internode. 
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Plastochron 5 — This period in leaf de- 
velopment is marked by conclusion of 
meristematic activity and differentiation 
of various cell types and tissues in the 
lamina. Rhexigenously formed lacunae 
and diaphragms become delimited in the 
lamina midrib, ligule region, central region 
of the sheath and sheath wings. Con- 
tinued cell division and enlargement in 
longitudinal plates of ground meristem, 
located between the lacunae, bring about 
further elongation of the leaf. Early in 
plastochron 5 the elongating meristematic 
region extends from the sheath base to 
approximately the center of the lamina; 
by the end of the plastochron it is limited 
to the lower part ofthesheath. This meri- 
stematic basal part may be regarded as the 
intercalary meristem. 

The internode elongates rapidly during 
plastochron 5. Later in this plastochron 
a central rhexigenous lacuna is initiated in 
the base of the internode and develops 
acropetally. Termination of rib meristem 
activity in this internode is synchronized 
with lacuna development. Concurrently, 
the peripheral ground meristem in the base 
of the internode begins to differentiate into 
aerenchyma in acropetal direction. By the 
end of plastochron 5 the peripheral meri- 
stem is restricted to the upper part of 
the internode and is continuous with the 
rib meristem in the sheath base of leaf 5. 
The apical meristems of most of the ad- 
ventitious roots become organized during 
plastochron 5. These roots grow cen- 
trifugally through the peripheral ground 
parenchyma of the axis but do not reach 
the protoderm during this plastochron. 

Plastochron 6 — During this plastochron 
the activity of the various meristems in the 
leaf ceases, and cell enlargement brings 
about further elongation of the leaf. At 
the end of plastochron 6 lacunae develop to 
the base of the sheath, and cellular differen- 
tiation is essentially completed in the leaf. 

The acropetal development of the central 
internodal lacuna is also completed. 
Maturation of peripheral regions of the 
internode proceeds acropetally. Toward 
the end of plastochron 6 cell division 
ceases in the upper peripheral part of the 
internode. Cell enlargement primarily be- 
comes responsible for subsequent inter- 
nodal elongation. 
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Summary 


In the axis of the rice plant, nodes and 
internodes are not delimited until plasto- 
chron 3. Young nodes are identified by 
plates of starch-filled cells, older ones by 
internodal lacunae above and below them. 
Internodal elongation is initiated by the 
activity of rib and peripheral meristems. 
A rhexigenous central lacuna is initiated 
at the base of an internode during plasto- 
chron 5 and develops acropetally during 
plastochron 6. Activity of the peripheral 
meristem also progresses acropetally. By 
the end of plastochron 6 meristematic 
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activity in nodes and internodes ceases. 
Cell enlargement accounts for further 
elongation of internodes. Adventitious 
roots are initiated in ground parenchyma 
adjacent to the vascular system of the axis. 
Organization of the apical meristem in the 
adventitious root in rice is similar to that 
in Zea mays. 

This paper is the third part of a revised 
and condensed thesis submitted to the 
Graduate Division of the University of 
California in partial fulfilment of the 
requirements for the degree of Doctor 
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THis book is primarily meant for the 
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_ students of degree classes in India and 
| the 


neighbouring countries, but the 
authors hope that it may be helpful to 
students of more advanced courses and 
also to students of Agriculture and allied 


| subjects. 


At the outset there are some ‘‘ General 


|} Considerations”? by K. S. Das which deal 
) with: Characteristics 


of living things, 
Plants and Animals, Sub-divisions of 
Botany, Importance of Plants and Scope 
of Botany, and The Plant Kingdom. 
The 64 chapters that follow are put under 
Chapters 21-13 . ( Part’ One), 

have been 
The chapters 


Part Three com- 
prising the next 20 chapters (26-45) 
deals with Plant Physiology. These have 
been written by C. T. Datta who is also the 


| author of the chapters 46-51 ( Part Four ) 


on Plant Ecology. Part Five ( chapters 
52-64), by H. C. Gangulee, deals with 


| Evolution, Genetics and Plant Breeding. 


The text is followed by an Index. 

The book is profusely illustrated. 
There are 800 figures including some 
pencil sketches of eminent scientists. 
Some of the figures have, however, been re- 
peated two or three times. For example, 
Fig. 1 (of an epiphytic orchid, on page 
2) appears again on page 119 as Fig. 222 
and later as Fig. 733 on page 864. Figs. 
58, 502 and 507 have also been repeated 
twice. While due acknowledgement is 
made for some of the figures, quite a few 
are modified only slightly and no refe- 
rence made to the original source. 

Throughout the book the authors are 


"very comprehensive in their approach 


and the language is quite lucid. How- 
ever, certain points need to be mentioned. 
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It is bad in itself that such a long list 
of errata became necessary, but there 
are many additional printing mistakes. 
The following are cited as examples: 
litterateures ( page viii ), deccicated ( page 
277), gains (for grains, page 280), re- 
realed ( page 314), struch, realesd ( page 
602) and Heridity (page 968 ). 

The frequent use of ‘etc.’ is very un- 
desirable in a scientific book. In chapter 
15 alone (of 28 pages) it has been used 
no less than 20 times. 

There are many obvious mistakes of 
grammar and construction. Thus, on 
page 8 it is written ““..the plant has 
to obtain all its nutrition through these 
fungi and do not even bear any chloro- 
phyll.”; and again on page 13 we find 
“ The plant is rootless and the slender 
wiry stem bearing whorls of leaves multi- 
ply vegetatively.” On page 260 it is 
mentioned “‘.. circulatory movements in 
the staminal hairs of Tvadescantia ( Rheo 
discolor ) are the glaring examples.” In 
the first place Rheo is really Rhoeo; and 
secondly the way the names have been 
written it may appear that these are 
synonyms which obviously they are 
not. 

In the General Considerations as also 
in chapter 15, while referring to the ex- 
cretory materials, it is stated that these 
““.. are sent to the leaves before seasonal 
fall, to the fruits and seeds and also to 
the bark of the trees. With those organs 
the waste products are thrown out of the 
living body from time to time.” I feel 
very doubtful if such a phenomenon oc- 
curs regularly in plants. 

While dealing with the methods of 
anatomical study ( pages 253, 254) only 
sections and macerations are mentioned. 
Peel mounts, scrape mounts and clearing 
techniques have been omitted, although 
these are quite important for a study of 
the epidermis, stomata, xylem, phloem, 
hairs, scales, and the last method for 
obtaining a three dimensional view of 
certain structures. Even dissections may 
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be employed to advantage in some kinds 
of work. 

Regarding polyembryony it is stated 
on page 220 that ‘ This is often found in 
lemons and oranges (Fig. 419). But 
among the causes discussed only cleavage 
and haploid-diploid twins are considered 
and no mention is made of nucellar em- 
bryos which form the common type in 
Citrus. 

On page 17 it is stated “ In the angio- 
sperms, the ovule or ovules are endowed 
with two integuments..’’, which is not 
always true. 

The experiments on photosynthesis 
and plant pigments as also on respiration 
are a very desirable introduction and 
similar ones could be extended with ad- 
vantage to other chapters. 

R. N. CHOPRA 


HOWARTH, W. O. & WARNE, L. G. G. 
1959. ‘‘ Practical Botany for the Tro- 
pics.” Pp. 238. University of London 
Press Ltd. Warwick Square, London 
E.6#4., ks 71500: 

Many books are available on practical 

botany which serve as useful guides for 

students and teachers in temperate 
regions. However, the present book is 
designed for the tropics. It is intended 

“for schools teaching at the Advanced 

level of the English Certificate of Educa- 

tion, and for students in colleges and in 
the early years of a University Course.” 
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The text covers the entire plant king- 
dom. The first six chapters are devoted 
to the study of the general morphology 
of angiosperms. Botanical as well as 4 
common names of the plants are mention- 
ed, but unfortunately family names have M 
been omitted. A separate appendix M} 
giving the plant names and their respec- 


tive families would, therefore, have been « | 


quite useful. Chapters 11, 12, 13, 14 cover 
the anatomy of stem, root and leaf. The 


description is appropriate but addition of ! | 
a few line drawings would have enhanced M} 
Similarly, the M 


the value of the book. 
chapters on Algae, Fungi, Bryophytes, M 
Pteridophytes and Gymnosperms also 
need some diagrams in order to make them 
more clear. Important fungi have been 
described without giving the names of the 
diseases they cause and so also the host 
they infect. Ustilago, which is of wide 
spread occurrence in the tropics, has been 
omitted. The chapter on the structure 
of the floral organs and embryology is 
sketchy. While physiological experiments ~ 
are described in a simple and lucid manner, 
no experiments have been designed for 
studying the ecology of plants. 

At the end there are four useful appen- 
dices, dealing with the important solutions 
and chemicals required for practical work, 
names of import supplies for laboratory 
materials, useful molecular weights and 
other laboratory data. 

R. C. SACHAR 


Journal of 
THE INDIAN BOTANICAL SOCIETY 


The Jj. Indian bot. Soc. is a quarterly now running Volume 
Bon (1959) 


The annual subscription is Rs. 30 or £ 2. 10s. or $7:50 for a 
complete volume 


Back numbers are available at the following prices: . 


Complete Vols. 6, 9-23, 27-33 & 35-37 — Rs. 780 or £ 65 or 
$195 


Printed loose numbers, 32 Nos. in all—Rs. 128 or £ 12. 12s. 
or $38 


* 


Microfilm positives of gaps, 36 Nos. in all—Rs. 220 or 
£21 or $6l 


SPECIAL “PUBLICATIONS 


The Flora of Indus Delta—( Blatter, McCann & Sabnis) Rs. 5:50 nett, post 
free. 


Professor M. O. P. lyengar Commemoration Volume, containing many 
invited articles from authors all over the world. Edited by Prof. B. Sahni, 
D.Sc., F.R.S. 1946 — Rs. 30 or 50s. or $7-50 ( plus postage ). 


History of Botanical Researches in India, Burma & Ceylon, to appear 
in 15 parts. 


PART |. Mycology & Plant Pathology by Prof. S. N. Das Gupta — Rs. 5-50 
or 8s. or $ 1-20 


PART Il. Taxonomy of Angiosperms by Rev. H. Santapau — Rs. 4:70 or 
7s. 10d. or $ 1°20 


PART Ill. Palaeobotany by Dr A. R. Rao —Rs. 4:50 or 7s. 6d. or $ 1:15. 


Memoir | (containing Symposia matter on Recent Advances in Botany ) 
— Rs. 8:50 or l4s. 2d. or $ 2:15. 


Particulars from : 


BUSINESS MANAGER & TREASURER 
INDIAN BOTANICAL SOCIETY 
UNIVERSITY BOTANY LABORATORY 
MADRAS 5 


BIOLOGICAL ABSTRACTS 


IS GROWING WITH THE LITERATURE 


The phenomenal growth in significant biological research papers 
published originally in thousands of journals, in many languages, has 
made an adequate abstracting and indexing service indispensable. No 
individual possibly could even scan it, yet biologists must keep posted on 
the latest developments in their particular fields of interest. A paper 
perhaps solving the very problem about which you are most concerned 
might well be published in some relatively obscure journal that is not 


available to you. 


BIOLOGICAL ABSTRACTS searches out, translates, and publishes 
brief yet informative abridgments of the important research work in 
all areas of biology appearing originally in upward of 4,000 journals 
throughout the world. As well as the complete edition which goes mainly 
to libraries, BIOLOGICAL ABSTRACTS also is published in five compa- 
ratively low-priced sectional editions to meet the needs of individual bio- 
logists. Section D — Plant Sciences — affords a very complete coverage of 
Plant Anatomy, Morphology, and related fields. It is priced at $35.00, post 
paid, for the 24 semi-monthly issues, less 20% to non-profit educational 
institutions, and 50% to individuals. Because of an increase in coverage of 
more than 100% in four years, it was necessary also to increase subs- 
cription prices. However, the cost per abstract to subscribers is lower 
than ever before. 


Write for full information and sample copy. 


BIOLOGICAL ABSTRACTS 


UNIVERSITY OF PENNSYLVANIA 
3815 WALNUT STREET 
PHILADELPHIA 4, PA., U.S.A. 


D EEE 


